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ABSTRACT ^ * 

■'^ This student guides one of a series of correspondence 
'training courses designed to improvf tj^e jp^b .performance of members 
of the Marine Corps, deals with the skills needed by engineer 
equipment operators. Addressed in the seven individual units of^the 
course are the following topics:, introduction to Military 'Occupation 
■Specialty (MOS) 1345 (engineer equipment operator^); power flow 
(engines and power trains); fundamentals of earthmoving; tractors and 
tractor-drawn equipment; materials handling and ^ectibnalized 
equipment (operation of sectionalized equipment, rough-terrain 
forklifts, scoop loaders, and sect ionalizat ion ) ; rollers, 
distributors, air compressors, and rock crushers; and associated 
fubjetts (following decontamination procedures, fording, and working 
ith wire rope). Following each unit is alsection con'tjaining a study 
s3ignment, a lesson objective statement/ and a written assignment 



consisting of a 



series 



of review questions for that unit. (MN) 
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1. ORIGIN , . 
MCI course 13.31, Engineer Eflulpment Operator has been prepared 

by the Marine Corps Institute. 

2. APPLICABILITY. 

■'1 

ThiV course Is for Instructional purposes only. 




'J. M. D. HOLLADAY 
Lieutenant Colonel, U. S. Marine Corps 
Deputy Director 
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NFORMATION 



FOR 



MCI STUDEmS 



<Mt1come to the Harlne Corps Institute training progrtn. Your Interest In 
telf-lniprbvenent And Increased professional competence Is noteworthy. 

' ■• ■ ■ ' ' . » 

Information Is provided below, to assist you In completing the cbuMe. 
Please read this guidance, "before proceeding with your studies. 

1. ha/e^ials 

Check your course materials. You should have all the materjals listed In 
the "Course Introduction." In addition jrou should have enough Envelopes ^oi 
mall all lessons baci to MCI unless your lesson answer sheets are of the, ^ 
self-malljng type. If your answer sheets are of the prejirlnted type, check to 
see that your name, rank, and social security number are corrftct. Check 
closely, your ^CI records are kept on a computer and any discrepancy In the 
above Information may cause your subsequent activity to go unrecorded. You 
may correct the information directly on the answer sheet. If you find a 
discrepancy and correct It, jtnsure tha^fou correc^t this Information on all 
your answer sheets. If you did not reWve all your m^erlals, use the^ 

enclosed Student Reauest/Inqulry (MCI-R14 ) to notify NCI of this fact and 

what you require. (Note: The MCI-R14 may be ifalled to MCI without envelope 

or stamp). > ; , 

2. LESSON SUBMISSION * , 

Submit your lessons on thi answer sheets provided. Complete all blocki 
and follow directions on the answer'sheet for mailing. In courses In which , 

the work Is submitted on blank paper or printed forms. Identify each sheet In 
the following manner: x 

DOE, John J. 332-11-9999 
44.1, Procedures of legal Administration 
Lesson"73~" '. ! ~~' 

Military or office address 
(RUC i)umber»' If available) 

Otherwise, yourtanswer sheet may be delayed or lost. If jfou have to 
Interrupt your studies for any reason, contact your training NCO who will 
request a single six jionth extension of time, which Is added to the original 
Course Completion Deadline (CCD) date. If you are not attached to a Marine 
Corps unit you may Mke this request by submitting the enclosed MCI-R14 , or 



ca111n9 tht M^Utrar Division on AUTOVON 288-417S/2299/6293 or coimtrclal 
(202) 433-S174/2299/2691. You tro allOMtd ona yaar ftm tha data of 
anrollaant to conplata this coursa. Your comaahdlng offlcar Is notlflad of 
your status through tM Monthly Unit Activity Itaport. . In tha avant of 
difficulty, contact your training NCO or NCI linadlataTy. 

3. EMROLLHEMT/HAIL TIHE DELAY 

Frfsantad balow ara tha Enrol l»ant /Nail Tina dalajrs. Column I raprasants 
tha First Class nail tlM froM NCI to tha daslgnatad gaooraphlcal location or 
frpp your location to,NCh Ali corraspondanca Is sant via First Class pall. 
Coursa «atf rials at« sant via Spaclal Fourth 'CI ass Bpok Rata.): You should add 
fjva tforking days for pur procasslng. Exanpla^ Eastam U.S« - 3 days Mlllng 
tina to NCI 4 S working days NCI prcMcasslna 4 3 days palling tlpa back to tha 
unit • 11 da^s. Colupn II raprasants Ra|ular Nail frop tha tlpa whan tha 
anrollpant application Is pallad until tlla unit racalvas tha coursa. 
Exwipla: Eastarn U.S. - EnroUpant application 3 days palling tlpa to NCI 4 S 
working days NCI procasslng 4 6 days palling tlwa to tha unit • 14 days. 



GEOGm^PHlC AREA 

EASTERN U.S. 

MESTERN U.S. 

FPO NEW YORK 

DEPT. OF STATE NARINE 
SECURITY GUARD 

HAWAII (NON-FPO) 

FPO SAN FRANCISCO 

fH SEATTLE 



COLUNN^ 
3 
4 
S 
7 

5 

7 . 

6 / 



COLUNH 2 
14 



19 
21 
24 

12 
27 

.23 



Nota: Thasa timas reprasant tha sarvica standard. Tha actual tipas pay 
vary. If the delay you are axperlanclng Is axcasslva, plaasa contact t»|a NCI 
Registrar by phone, passage, or latter, so that wa pay Uka action^ 



4. GRADING SYSTEN 
LESSONS 



GRADE 


FERCENT 




A 


94-100 


« 


B 


86-93 




C 


78-85 




D 


70-77 




NL 


8EL0W 71 





MEANING 



EXCELLENT 



EXANS 



GRADE 



AVERAGE 

BELOW AVERAGE 



PERCENT 

94-100 
86-93 
78-8S 
65-77 
BELOW 65 



You wlYI rtctlvt a ptretntage gride for your lessons an? f or th* final 
tximl nation, along with a rtftrtnce sheet (MCI R69), IndUatIng the questions 
Incorrectly answered. All lessons must be COMPLETCO AND ^SCO before you 
win be administered an^exa*. The grade attained on the final exaa ls your 
CO uj'se. grade. 

5. FINAL tXAMlli^TlON 

ACTIVE DUTY PERSONNEL: When you submit your LAST LeS$ON.,your txa« will/ 
be Mailed automatical ly to your commanding officer. . The acfenlnl strati on of NCI 
final examinations must be supervised by • ^commissioned or warrant officer, ir 
a staff NCO (equiyaltnt or h1gher)i and It must be validated by tbr 
•tdminiitrator. • - ■ <■ -•' ' - '^ . ' . 

• I * ■ l . ' ~ ' ■ r: 

INACTIVE DUTY OR CIVILIAN EMPLOYEE: The txam may be supervised by a ' 
director of civilian personnel » civilian training officer, clergyman,- or local 
school official > 

6. COMPLETION CERTIFICATE 

The completion certificate ^111 be malUd to your commanding officer. For 
tion-Marlnes, It Is mailed to your supervisor or directly to you, as* 
appropriate. 

7. RESERVE RETIREMENT CREDITS 

Reserve fctlf-ement credits are awarded to Inactive duty personnel only. 
Credits awarded for each course are listed' In the "Course Introduction" and ' 
are only awarded upon successful completion of the course. Reserve retirement 
credits are not awarded for MCI study performed during drill periods if 
credits are also awarded for drill attendance. 

8. OISENROLLMENT 

t 

Only your commanding officer tan request your disenrollment from an NCI 
course since this action will adversely affect the unit's completion rate. 

9. ASSISTANCE 

Consult your training NCO In the event Of course content problems. If he 
Is unable to assist you, NCI Is ready to help you whenever you need It. 
Please use the enclosed Student Course Content Assistance Request (TIE-1) or 
call the Autovon telephone number listed below for the appropriate course 
writer section. .i - 



U36T1 



PERSONNEL/ADMINISTRATION/LOGISTICS/CORRECTIONS . 288-3^ 

COMNUNICATIONS/ELECTRONICS/AVIATION/NBC 288- 
INFANTRY ^ 288- 

ENGINEER/MOTOR TRANSPORT/UTILITIES # . ■ t 288-227S 
SUPPLY/FOOD SERVICES/FISCAL 288«.2285 
TANKS/ARTILLERY/SMALL ARMS REPAIR/AAV 288-2290 



288. 



For administrative problems call the NCI Hotline: 288-4175 
For commercial phone lines, use area code 202 and prefix 433 instead of 
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^ * ENGINEER EQUIPMENT OPERATOR 

* yCouj^so Introduction 

ENGINfJER EQUIPMENT OPERATOR is designed to teach LCpPs and below the theory re- 
quired for the effective operation, maintenance, and employment of selected items of engineer 
construction equipment. Although the actual operation of construction equipment is primarily 
a physical skill t^hich^ou must obtain through actual field experience, the course will teach you 
the fundamentals .that you must understand before you can acquire the necessary performance 
skills. ^ 



ORDIeR of STUDIES 



I 







Reserve 


Lesson 
Niinbcr 


„ Study . 


Retirement 


Hours 


Credits 


1 


. ' 4 


1 


2 


5 


2 . 




4 


1 


4 


4 


1 


5 ' ^ 


4 


2 . 


6 


4 


1 


7 


3 


1 




2 


1 




30 


10 



Subject Matter 

Introduction to MOS 1345 

Power Flow * 

EarthrY)oving Fundamentats 

Tractors and Ti^ctor-Drawn Equipment 

Mate rials -Handling and Sectional! zed 

Equipment 
Miscellaneous Equipment 
Associated Subjects 
FINAL EXAMINATION 



EXAMINATION: Supervised final examination without textbooks 6r notes; time limit, 2 hours, 

^ ■■■ 

MATERIALS: MCI 13> 31 n> Engineer Equipment Operator. 
^ Lessons sheets and answer sheets. 



RETURN OF 
MATERIALS: 



Students who successfully complete this course are permitted to keep the course 
materials. , " ^ ' 



Students disenrolled for inactivity or at the request of their commanding 
^officer will retu^ all course materf^^ls. 



PREFACE 



ENGINEER EQUIPMENT OPERATOR has been designed to provide engineer equipment 
OTvr«tbi*a MOS 1345, lance corporals and below, with a source of study material on the operation 
of engineer construction equipment. The course will be beneficial to those Marines who ^re ^ 
desirous of bccon^g, or are being trained as engineer equipment operators. ENGINEER EQUIK- 
lyiENT OPERATOR provides broad coverage of the operaUon, maintenance, and effective employ- 
ment of a variety of engineer construction equipment normally operated by lance corporals and 
beiow, and certain related subjects. Throughout the text, selected items of eqiifpment are dis- 
cussed fo^ illustration purposes. However, the principles aire the^same and the techniques are 
similar on all makes and types of equipment. ^ ■ ' ^ 



MCO 4700. IE 
MCO 4710. 2D 
MCO P4790. 2 
MCCf 5215. 14B 
NavPers 10640-F 

NavPers 10644-F 

FM 5-34 
TM 3-220 

TM 5-330 

TM 5-331 vol A, B, 
C,D, «iE ^ 
TM 5-725 

TM 5-4310. -250-15 
TM 9-8000 
Marine Corps techn 
TM/ENG 1950 

TM/ENG-00992-15 



SOURCE MATERIALS 

Unsaftefactory Equipment Report DP ForA 1686, 28 Dec 1970 ^ 
Engineer Equipment Repair Criteria , 19^uly 197 3 ^ 
MIMMS Field Procedures Manual^ 4 Feb 1974 
girbj; Marine Corps Technical Publications Systems , Novb970, 
Equipment Operator 3 ^ 2, Department of the Navy, Bureau of 
Naval Personnel, 197 0 " " 

Construction Mechanic 3 & 2, Department of the Navy, Bureau of 
Naval Personnel, 

Engineer Field Data, w/Ch 1, Dec 70, w/Ch 2 May 71 
Chemical,. Biological, and Radiological (CBR) Decontamination , ^ 
w/Ch 1-2,'nov 1967 

Planning, Site Selection, and Design of Roads, Airfielda^ and 
HeliportB, w/Ch 1, 6 Sep 68 . 
Management: Utilization of Engineer Construction Equipment, Vol -A 
Aug 67, Vol-B May 68, Vol-C Nov 68, Vol-D April ^9,' Vql-E Feb 69 
Rigging. w/Ch 1, Oct 68 » v , 

Compressor. Rotary: Air; Piesel-Engine4:)riven; 250-CFM IQO-PSI; 
Trailer-Mounted (Davy Model M250RPV) , Ndv 1 965 
Principles of Autonaotive Vehicles^ Jan 1956 



ical manuals 



Distributor. Bituminous Materiaf. Tank Type, 1000 

• " ^ '■ ' - » -.ti^i-i I. — — ^--^ -Powered^ 



Mounted, Forced-Feiid/ GaBoline-Engine*Po^ 
^Co, , Oregon, III, Apr 1959 




Truck- 



TM 01023C-15 
TM 02550B 
TM 03197B-15 
TM-04060B-15 
TM 0fo78A-15 
TM 06129A-15 
TM-07076A-15 
TM-07542A 
TM-0780B-15 
TM-4700-15/1B ^ 
Marine Corps Stock Lists 



5-8 Ton Tandem Road Roller, Diesel -Engine -Driven, M odel R6760M, 
Mar 1967 

gcraper, Earthmoving, Towed, Model H-82 (M-62) Apr 64 

Truck, Lift, Fork, Rough Terrain; RKF-060 , ^dip^ 1962, Ch 001, Apr 63 

Crane, WheeNMounted. Model M-60, Nov" 66, Ch 001 Sep 69 

Truck, Forkllft Case MC 4000, ^^1975 

TractorrDieael-Engine-Driven, Model 100 , Dec 1964 

Compressor, Trailer -Mounted, 250-CFM, 100-PSI> Sept 69 

Supplement 1 Forkllft, Oscillating for Tractor, 72-31MP 

Loader, Scoop-Type, Full-Tracked, J. t. Case MC 1150, Oct 1972 

Tractor, Wheeled, J. L Case MC 580Bj 1 Jul 1974 

Tactical Equipment Record Procedures , Mar 1977 



SL-2-2400 " 
SL-3-03197 
SL-3-03417A 

Operator's manual / 



V 



End Items List for Tractors , 
Components Lists for Crane; 



M^1960 
meel-Mounted; 



Model M-60, Aug 69 



WIJH^W*^"V«J ^ »^ « — ^ - — t i . . ' 

Components List fpr Skid Ase(embly, Sectionalization, Jan-72^ 
BLH Austin- Western Portable Crushing a nd Screening Plant 



10 



) 



Terbx Maintenance Manual f6r Front End Loaders , The Service 
Departnnent, Terex, Division of General Motors^lludson, Ohio 
March 1967 

Terex Maintenance Manual for 82~30M Crawlg r - Tj^actor, The 
Service Department, Terex, Division of Gen^Vj^ Motors. Hudson, Ohio 
Ohio, Apr^, 1966 ' 
* Op«ratar%>!andb9ok. for Terex Front End^Loaders, The Service 
Departn^ej^, Terex, Di^^ision d(Cieneral Motors, Hudson, Ohio - 
June 1967 r , \ ^ 

Operator '3 Handbook for Terex Crawler | rractor Model 02-3QM, 
The Service Department, Terex, Division of General Motors, Hudson 
Ohio, April 1966 . 
^Operation and Maintenance Instruction M a nual for MRS Model ' 
WOOjvn^ MRS Manufacturing. Company, Flora, Miss. 
Operati^4nd Maintenance Manual for MR^..^del 105 SM71 
Scrape^r^ '^^.{iTRS Manufacturing CpmpanyT^I^orX Miss, 



lade 1 

Illustrations and text material from thel^ publication.' The material used frorn the above is found 
in paragi?^aph 6-6. ^ N\ . ^ ' 



A (^K NOWLE DOME NT 

Grateful acknowledgment is made to BLH, Lima Plant, Lima, Ohio, for permission to use 



/ 
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Section II. Engineer equipment 
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Towed equipment 

Tandem roller . 

Materials-handling equipnnent 



Section IJI. Maintenance 



A 
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1-2 
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1-3 
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1-4 
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1-5 


1-12 


1-6 


1-14 


1-7 


» 1-1^ 


1-8 


1-16 


1-9 


1-18 



Maintenance system . ^ : 1^10 

Operator's maintenance . . . .• : . , , 1-11 

Preventive maintenance services 1-12 

Records and forms 1-13 

Publications . . . * * ? l"!"* 

Fuels. and lubricants ^ 1-15 

Your responsibility for lubrication . . \ f . 1-16 
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Chapter 1 

INTRODUCTION TO MOS 1345 ^ 
Section I. THE OPERATOR 
1-1. HISTORY ' \ 

Engineer unlta of somp form have always been attached to major land forces, but it has 
only been in recent years that engineer construction equipment, as we know it today, has been 
used to any great extent. The development of the Fleet Marine Force during the mid-1930'8 
saw separate engineer companies attached to the landing force. These early experiments In am- 
phibious landing techniques led'to the formation of a balanced landing forc/B, With engineers be- 
coming an integral part of the newly formed Marine divisions. Dufing World War II, Marine 
divisions at ooe time had integral engineer regiments. 5Each regiment consisted of an engineer 
battdUon, a pioneer battali<^ (shore party), and a naval constrpction or Seabee^battalion. Sep- 
.drate engineer, and aviation engineer battalions were formed as needed and attached to divisions 
for a particular a-Bs^ult landing. Towar^ the end of the war, the engineer r«iments were dis- 
bandedCXseabee battalions once again were released to the Navy, and lndixri«^al divisions had 
their own integral engineer and pioneer battalions. 

Ejngineer equipment operators played a considerate role in the successful assault across 
the Pacific. Moving artillery through the jungles^ constructing airfields and roads, and building 
base camps are a feyr of the many jobs performed by these engineers. These jobs were performed 
with equipment which is considered primitive when compared to the power and versatility of the 
equipment in use today. During the first Marine landings on Guadalcanal, only one crawler 
tractor was brought ashore before the ships of the amphibious force jvere forced to withdraw. 
IjtCol Henry W. Crockett expresse^d his throughts about this tractor and Its operator In a letter 
to^he Commandant. "One R-4 bulldozer- -actually an angledozem-Was landed by the 1st Pioneer 
Battalion, 'and the yeoman service performed by this lone piece of power equipment in the hands 
of one Corporal Cates, its skillea pr6p]rleto|;^--no one else was allowed to operate lt--seems 
worthy of a place in the re cordjC^;:ate8^ drove that dozer from morning till nl^ht. He automatically 
ceased whatever task he was peRlprmlng when ^ondltlon RtD sounded and headecj for the airfield 
ready-to fill bomb craters on thWitrlp, He but-led dead Japs, worked the roads and prepared • 
bridge bank seats, cleared the Kukum beach Jfor unloading oper^itlons, pulled, tugged, and towed 
all manner of things. That lovely R-4 finaj^ fell apart like the one hoss shay, never to run again, 
some time late in October. " 

Even though they landed without their heavy equipment, this 1 did not prevent the Marines of 
the 1st Engineers from completing the construction o$ Henderson Field Wth captured Japanese 
equipment. This "can do" spi^t was much in evidence during the r*j»rpainder of the wftr in the 
Pacific. . , ■ 



Thls^tradition was carried on by another generation of Marlneift In the same Ist Engineer 
Battalion a few years later in Aho rugged mountains of North Korea <hg l-D. The Chosin Res- 
ervoir Campaign has its bwn history of s^f- sacrificing equipment operators. In early November, 
1950 as the Marines of the 7th Regimi»nt were advancing toward the Reservoir through a narrow 
valley, they came under the surprise ^Ire of a Communist Chinese division. Casualties were 
heavy, and the aid station was Exposed to enemy fire. An equipment oberator ftom "D" Co, 1st 
Engineer Battalion saveS the day by pushing a parapet of earth around the wounded. His actiuii in 
helping to save the lives of his fellow Marines, while operating fr^ the exposed is^at 6t the dozer 
under enemy fire called for courage 6if the highest order. For bisections, this equipment operator 
was awarded the Bronze Star Medal, with combat "V. " '% 
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This can-do ?(ttitude was fur ther enbnnced a few woeks later^fic'ii the engineers were able 
to oonStfuct a temporaiv Luj^jJlrip at Hagani while working in siihzera weather on fro /.en ground. 
After working man- and i/c^\il\>m ent - k i U i hour's and, asslstinf^' iTi perimeter defense at nighty 
they could feel i\ ^rcat measure of personal pride in the fact that ovei-^S.OOO wounded con^trades 
were flown out from this crude airstrip. That^o many Marines lived to tell the tale and fight f 
aj^ain another day, is a tribute to theii- efforts. 

** ' , 

As the division fought its Way out of the trap, toward the sea, their path wa8*|)locked by a 
blown-out bridge on a narrow mountain road, thousands of feet above the valley. A bridjje was ' 
-air-dropped and Marine engineers at the head of the long column of vehicles successfully bridged 
the gap in the road. At one point the advance was halted arrd tl\^ fdte of a large ptirtion of the con- 
voy wa^ in doubt when a do^ei'- almost destroyed the bridge. Hanging by a hairbreadth, thousan(||L 
of feet^above'a sheet-^drop, the cool courage and skill of one equipn^ent operator was demonstrated 
as^ he cautiously pianeuvered the tractor back onto the bridge. Ofte tiflst^ike on his pari would liave 
doomed him and destroyed the bridge, stranding the remaining vehicles on the narrow mountain 
road. , He succeeded In saving the bridge and the- odvance toward the sea continued with the biilk 
of the division's equipment. There was no turning back for the Marines of the "Fighting First*' 
as they drove through' six enemy divisions and subzero cold_, a complete combat unit, battered 
but victorious, » ^ " " ' 




Fig 1-1. A Marine bulldozer of '*D*' Company, Jst Engineer Battalion, makes a road 
out of a former mountain trail near Chunchon, Korea. 

Marine enjgineer units in Korea and through the mid 50's continued to use the same basic 
organir.ation which had been developed during World War II, This changed in the latter 1950*s 
with the advent of the reorganized ''M*' serieis Marine divisions. Division engineer battalions 
weV^ redesignated ''pioneer battalions. " They were reduced 4n ihanpower and equipment to make 
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them more compatible with hellcopterborne operations. Force engineer battalions remained • 
basically the same during this r^rganlzatlon. The pioneer battalions were tried and tested in. ^ 
training exercieW? and Marine landings in Lebanon, Cuba, and Thailand during the late 50* s 
and early BO'a, ^ v 

After this period of evaluation, it was decided to beef up these pioneer battalions and re- 
turn to them the organization title of 'JEnglneers. " This redesignatlon was accomplished during 
1984 and once again Marlqe englnieers and their heavy equlpndent were landing in support of the 
assault elements of each Marine division* ^ 

1-2. MOS 1345. ENGINEER EQUIPMENT OPEJ^AqrOR , r 

a. MPS description. The Marine who operates Fleet Marine Force engineer construction 
equipment lo known as sfh engineer equipment operator and has military occupational specialty ^ 
number 1345. He la commonly referred to as a heavy equij^ent operatoi; or as an operator of 
a particular type of equipment, such as^craneor dozer operator. His responsibilities Include 
the Inspection of equipment before operation, operation of all types of equipment, performing pre- 
ventive maintenance and lubrication ser^ces, and making all authorized first echelon repairs. 
The equipment In his care may be gasoline- or diesel-englne-powered, f elf*propelled. skid- 
mounted, o!* toWed. Generally, this equipment runs the full range of normal civilian construction 
work Including: earthmovln);. grading^ excavating, drilling, paving, producing aggregate, log- 
ging, clearing, operating sawmills, and operating cableways and tramways. In addition to the 
normal construction 6perdtlons. he must be familiar with the military aspects of operj|itions con- 
ducted by FMF units. 

'b. Qualification requirements (see appendix I). The description of an engineer (equipment 
operator's Responsibilities Is quite general. These general r^^nslbllltles are divided Into quali- 
fication requirements which vary according to rank and extertifcnce. Naturally, how well an op- 
erator meets some of these requirements will depend on what type of equipment his unit hasi 
Generally^ a man who selnres In an engineer organization will come In contact 'wljh the full range 
of construction equipment. He Is more apt to be able to operat»6 a greater variety of equipment 
than the opera^r In an artillery unit which has only one specialized type of equipments The gen- 
eral knowledge porticms of the qualification requirements, and effective employment of selected 
items of equipment will be covered in this course, * 

C Promotion (fig 1-2), 

'. . ' ' ^ ^ * 

(1) 3 elated moss's . The engineer equipment operator Is just one of the three MOS's In the 
Construction. Equipment, and Shore Party field which deal with engineer construction 
equipment. The other two MOS's are the engineer equipment mechanic (1341) and the en- 
gineer equipment chief 1349). MechaniOB take care of rdpairs while the equipment chief* 
GySgt and above is primarily a supervisor, platoon sergeant, or section chief, 

. ' . r ^ • 

(2) Operatoy assignments . Once you are assigned to a unit you may become an assistant 
operator. x>r the org«nizatk)n may conduct or send you to an operator's training course In 
order to qualify ydk for an MOS. Normally, you will be assigned a particular MOS within 
6 months. After pMsing^^^iHts on particular Items of equipment, you will be Issued a 

*y Government operator's license for this equipment. You will retain the same MOS. 1345, 

as you advance In rank, from PFC through SSgt. Your responsibilities will gradually 
Increase as you acquire more experience and rank. 
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(3) Affects of T/O^and T/E on assignments . As a private or Pfc, you will^^robably be as- 
signed as t|je assistant operator of a specific item o( equipment such as^L crawler-tractor. 
It is your responsibility to learn how to operate and maintain that item. It is also your- 
responsibility to learn about the operation lind maintenance of other items, but never 
neglect the item to which you were assigned; Promotions through the rank ofCpl are de- 
pendant upon the table of organization (TO) and your individual initiative and ability, 
After you have gained experience or have been promoted, you may be assigned as the 
senior operator for a specific item of equipment or to one of the other Jobs rclate<J to 
engineer equipment operation. For example, a Cpl is expected to be able to operate crane- 
shovel equipment and Sgt's and above operate graders and other more complicated equip- 
ment. After becoming an NCO, you may be assigned as the senior equipment operator 

or section chief, ' You n?ay alsotbe assighed as company or battalion dispatcher. The dis- 
patcher maintains equipment records, artdl schedules the operational commitments of all 
equipment. As a Bt^ff sergeant equipnient operator^ you will usually fill the billet of 
equipment foreman t^t^a job site, section chief, or platoon sergeant of a heavy equipment 
platoon or section. Staff sergeant is the highest rank in the 1345 MOS. 

(4) Obtaining a new MOS^ After completing recruft training, you will be assigned to a unit 
and given a bas*c MOS or to a school th^^t will train you for a Specific MOS^ The basic j 
MOS for the engineers is 13Q0. After successful completion o£ certain schools, certai|^ 
correspondence courses/ or ^ period of on-the-job trainijig (usually 90 days), privates 
and above are assigned one of the primary MO^'s in the 1300 occupational field (OF), 
For the purposejs of this course, it would be M05 1345, Once the primary MOS has been 
assigned, it is retained until the individual qualifies for a higher MOS, is promoted to a 
rank eligible f<i^f^l llgl >^ i Me f! ?^ completes a formal school that qualifies him 
for a higher MOS, or a board of investigation finds him incofcipeteint. After pronrvotion 

to gimnery sergeant, you change MOS and become an Engineer Equlpment^'Chief. 1*349. A 
chief is capable of filling either an equipment maintenancfe or operation billet. He is genen 
the maintenance chief, or plat6on sergeant, of a large equipment organization. 
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1341 ENGINEER EQUIPMENT MECHANIC 
^1345 ENGINEER EQUIPMENT OPERATOR 
[ ^ , 1349 ENGINEER EQUIPMl^NT CHIEF 

Fig 1-2. Engineer equipment MOS's. 
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d. Posaible duty as s ignnients ♦ Thei^ are ymxny units of the Marine Corps that require en- 
gineer equipment operators. There are ten typical T/t) billet titles to which you may be, assigned. 
Most of these billets for operators are located in the- FMF units such as division and force en- 
gineer battalions. There ar'e also equipment operator billets in the Marine^Corps base units such 
as base maintenance and Marine Corps Engineer SchooL " ^ 

(1) Division, Each Marine Tflvislon has an^organic engineer battalion to pi*ovide direct en- 
gineer support of a temporary nature. You cogld be assigned to the diylflion to fill any 
one of the ten typical T/O billets. 

V 

<2) Force troops. There are;several units within force troops that require engineer equip- 
ment operators. You may be assigned to any of the billets in any of the force units. A 
force engineer battalion has the largest requirement^for engineer equipment operators. 
This battalion provides general engineer support of aideliberate nature. It usually per- 
forms the ifeavier. more permanent type construction in the rear areas. Force troops 
usually expand the division engineer jobs and also assist the division engineers when and 
where needed. Althcnigh you will not be assigned to the Navy construction battalions (Sea- 
bee's). yQu may be working with them. They also provide engineer support. 

(3) Marine Cc^ps base . Most of the Marine Corps posts, stations, camps, "and bases have 
pers^nnil to perform the housekeeping duties (maintain them).- Some of these have re- 
quirements for engineer equipment operators. Some base units also provide-tralning for 
other equipment operators and require operators for instructors. Some develop and test 
equiphient and require operators to perform the opera.tipnal tests. You may also meet^^^ 
the requirements needed to perfoVm other-ty^e duties at some of the posts and stations. 

(4) Miscellaneous assignments. There.are certain duties within an organization for which 
no specific personnel are assigned. These dUTies include mess duty, guard duty, and 
area police. You should perform all duties assigrted with enthusiasm, remembering that 
you are a Marine first and an engiheer equipment operator second. 

Section 11. ENGINEER EQUIPMENT ^' 

1-3. IMTRODUCTION :i 

■, * ' . \ ♦ . 

Marine Corps engineer construcfion equipment has kept pace with the. constant improve- ^ 
ment of similar civilian equipment used in large-scale earthmoving, projects. The equipment 
that you operate may be the same as civilian equipment 'or it tnay be fbrther developed, modified, 
and improved, to meet the requirements of the Marine Corps. Although the equipment and opera- 
ting principles are the same, you will find 'that a Marine division generally is assigned lighter 
equipment than the force troop units. A Marine tiivislon moves rapldlfy and the division engineers 
will perform only limited construcMon of a pioneer nature consistent with the mission of the divi- 
sion. The supporting force troop units use heavier engineer equipment and perform more permanent 
type construction. w 



Developing engineer equipment. HeadquarteipVlarine Corps is respdnslble for the develop 



ment of engineer items of equipment forifthe Marine Corps, The Marine Corps Landing Force 
Development Center, Quantico, Virginia^ under the direction of Headquarter^ Marine Corps, is 
responsible for testing the capabilities and developing the techniques for eiKiployment of equip- 
ment Data is gathered during the development pha^e to help determine what equipment will be the 
most efficient in coml;^at. 



b. Modifications and improvements of equipment. Many ifeqis of equipment require further 
changes after delivery to the field to Improve their safety, maintenance, or combat performance, 
A change that will improve ^ nnachlne is recommended to the Commandant of the lyiarine Corps 
(CMC) through the chain of. command; A quality deficiency report (QDR) is submitted by 

the indlvi^lual .that discovers a deficiency, be hp Marine or^ civiLaiiT^ operator or commanding of-* 
fleer. All p^-sonnel are reBponfl*ible for reporting deficiencies and making reqommenda yons. 
No modifications will be made until the reports have been analyzed and the rriodlflcations author- 
Ized by CMC. Such authorization is generally in the form of a modification instruction (MI). An 
individual who has the ability and initiative to reconamend worthwhile equipment improvetkents re- 
flects credit on himself and the Marine Ccrrps. QDR's and letters recommending Improvements 
are received, analyzed, and c'onsidered, but the effect they will have throughout the Marine Corps 
determines the action CMC takes. Improveiment recommendations are desired, but they must be 
a uthorized before they are applied to th e equipment , 

c. JAM and T/E, - The table of authorized materiel (TAM) lists all j^ems of equipment and 
tabHfi of equipment (T/E) lists those Items of equipment authorized to a unit to perform Its 

mission. A highpr autftorlty may authorize other Items, If necessary.' There are many items of 
equipment that you are expected to be able to operate, ^ You cannot comprehend the degree of - 
.knqwledge and skills that an engftjeef equipment operator must possess until you have studied the* 
TAM, T/E, and the eng.lneer equipment operator's MOS in detail. For examples, the MOS 
requires that^you be able to operate all tractors. There afe two basic tractors, ^the crawler 
type and the wheeled type. You ai:*e also required to operate air compressors, distributors, 
rollers, and other Item^ of equipment, -"Plus, for each item that'you are required to opet:ate, 
there may be several makeg and models. ^ 

(* 

^» Types operated by LCpl's ar^ below . Certain items of equipment such as graders, cranes, 
and sawmills require Cpl's ^nd above for operators. However, the commanding officer may have 
you assigned to one of these items and trained until ^ou become a qualified operator If a.shortage 
of personnel dictates this. In this course we will discuss only those items required by the MOS 
and the general information, rather than specific information, pertalnlrfg to a specific item of 
equipment, . . 



1-4. TRACTORS 



a. Crawler-tractors. Crawler-tractors are probably the most widely used item of construction 
equipment. They are rugged, powerful machines which are used in a wide. variety of operations, 
particularly during the early Stages of construction. Crawler-tractors In. the Marine Corps are 
divided Into two categories, medium and small. The Case MC 1150 pcooploatter and the Terex - 
82-30M are classified as Inediums ancj the^ase MC 450 is classified as the;small tractor. » 

(I) Case MC 1150 Scooploader (fig 1-4). This is the late^tjaiadel of the medium crawler- 
tractors being used by the Marine Corps. The Case Model MC 1160 fUll-tracked 
scooploader is powered by a 2-stroke, 4-^yllnder diesel engine manufacture'd by Detroit 
Diesel, A single-stagey hydrokinetic-lype torque converter is coupled directly to the 
englfte and attached to the transmission by a unirersal joint drive shaft. All gears are 
In constant-ttkesh and shifting between gears is accomplished by selective engagement 
of multiple-disk clutches. A hydraullcally controlled 1 3/4-'CU yd multipurpose bucket* 
performs excavating and materials- handling jobs. Tl)e 'bucket may also be used as a 
^ dozer or scraper In addition to loading operations^ The loader is equipped with hydraulic 
controls and connections for operating a towed scraper. The loader has d 60- In. 
fording capability. 
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Fig 1 



3. Case JVIC 1150 scoopio^der. 



(2) Terex 82--30M (fig 1-4). The Terex 82-30|4 Is powered by a- 2-stroke-cycIe. 6-cyIinder^ 
series 71, Detroit dlesel engine. The pojveV ia^delivered to tfie power train by an 
Allison Torqmatic transmission which i^ controlled by mechanical linkage ^nd hydraulics/ 
This tractor uses multiple-disk, oil-cooled, hydraulically controlled steering c lutches 
and brakes; the brakes also have Mechanical linkage I6v engaging. The operating 
weight of the bare tractor is approximately 43, 5po lb. The tractor can be equipped/ 
with either of two rear attachments; a hydraulff ripper or a single drum winch (SDW). 
It is equipped w^h a bulldozer blade that can be tilted or removed, \ ^ 



\ 




Fig 1-4. Terex model 82-30M crawler-tracl^r with bulldozer and rippe 




(3) j Case MC 450 tractor (fig 1-5). The Case. MC 450 t/actof is a full-tracked 
equipped with a hydraulically operated angle and tiliblade. It is ppwered by a 
4-cyHnder. 4-stroke-cycle diesel engine. The trac\r may be u^ed as a dozer 
power angling dozer, or power tilt,dozer. The tractdr h,a8 a fording capability 
of 36 . Four Ufflfng eyes and ten tiedown loops are welded to the "track frame 
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Fig l-fv Case MC 45jr{r9Ctor. 

b. Wheeled tractors. FoUgjwing the lead of the civ^ian construction industry, military 
ccuistruction equipment is showing an increase in the number of rubber- tired tractors. These 
high-speed tractors can be used for bulldozing, but their primary function is to act as prime ^/ 
movers for towed scrapers. These rigs are employed when it is necessary to moveJarge 
quantities of earth for relatively lortg distances. / 

(1) MRS- 100 (fig 1-6). The MRS-100 Is designed specifically for Marine Corps use. It is 
a 4-wheel-|drive, 4-wheel-ste6r vehicle with a weight transfer. It is designed fpr 
general purpose use ^s a prime mover In combination with a 4-wheel hydraulically 
ODcrated scraper, and for light dozing, winching, and towing. The vehicle is equipped 
with an automatic transmission «md a'^werfes 71, 4914 dlesel engine. It has a hydraul- 
* ically powered, singlerdrum winch. It has a limited deep-water fording capability, and 

- can be sec^ionallzed In five units for air transport by Helicopter. The tractor Is used 
• ' mostly by division and force engineer battalions. It provides them with a high-speed 
earthmoving caprfbility when it is teamed with an 8-cu scraper. 
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Fig 1-6. MpS-lOO tractor and towed scraper. 

Mjf^S-^T-TOO tractor (fig 1-7), The lyTRS-J-lOO is the latest whe^od tractor in the 
Marine Corps; This tractor is a four-wheel-drive, four-wheeVsteer, 8-cvlirWer 
diesfti engine, pneumatic-tired tractor designed primarilv as a nrime'mover fhr 
towing and in combination with the MRS-105 SM71 scraper. The tractor is capable of 
being used in fording ,operati6ns up to ^ depth of 60 inches, Tt is equipped with a 
reinforced pusher block and pifitle hooK- The tractor may be used as a push 
tractor for loading operations oKas a tow tractor for other towed equipment. 
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Fig 1^7.' MRS-I-100 M71 trac tor w/MRS-l 05 SM71 scraper. 



(3) Case MC 580B tractgy^ (fig l^-8>. This rubber-tired tract^is equipped with a 
hydraulically operated" loader and a backhoe. A hydrauUcally operated earth 
drill (fig l-8a) is ari attachment that can be used when .the backhoe is removed. 
The tractor can ford 36*' of water. This tractor is oowerod by the same en- 
gine,, as the Case MC 450. . - , 
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TOWED EQIJII'MICNT 
. Scrapers. ^ 

M) Introduction. Scrapers are large'earthmoving machines which are capable of loading. 
hauUnr and spreading large quantities of earth. The scrapers in use In the Ma.-n. 
Co" r«;re the lowed type whic'h must be drawn and operated by either a. crawler or rubber 
Urertmctor Scrapers and tractors are teamed in various combinations depending 
on the hauUng capacity of the scraper and the pulling power of the tractor. - Scraj*>-. 
are often referred to by their struck carrying capacity, such as B-yd 10-yd anc 
(fig 1-9). "Struck" means level with the sides; "heaped" means that the earth il 
higher than the sides on a 1 to 1 slope. 




HCAPeO I' I SUOPC 




Fig 1-9. Screyper capacities. 



(2) Types, 



(a) Model H-82 



2, h^rauHcally operated' towed acraper (fig I -10), 
B-coV^I struck or 10 1/2-cu yd heaped and is found 



The H*:62 has a 
primarily In 

It may be teamed 



capacity of ^ ^-.^ . . - 

division englne«fci>attalion8 and force engineer battalions. 

with either the C^e MC 1150 scooploader or the MRS-100 rubber^tired tractor'. 
The scraper is equipped' for weight transfer operations and has airbrake*. An 
additional feature of the scraper is that it has been designed for sectionaUzation 
into helicopter-transportable units, ^ 



(b) 



MRS mo del 105 SM71 scraper (fig 1-7), This scraper is designed o opera^ only 
with the MRg -I-100 M71 tractor, and is hydraulically operated. It is capable ^ 
of loading; hauUng, dumping, and spreading 15 cubic yards struck, and 20 
cubic yards heaped. It consists of\hree main functioning components; bowl, 
apron, and ejector. It is also equipped with air-over-hydrauUc bralces. 



ATtOM 5A«TY PIN 



TtACTlON MASr 




.pHAW»AtTONOUt 



Fig 1-10. Model H-82 scraper. 
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Roil^T 8t Rollers are used for compaction of different types of matef iala, Each roller 
compacts different soils at different depths, speeds, and bearli^ pressures. The types of t )we 
rollers that you will come in contact-with are the tamping (sheepsfoot) roller,^ the 13-wheel 
rubber-tired (wobble-wheel) roller, and the grid roller. 



(1 ) Sh<?epqfQ9t roller (fig I-H), This roller gojisi^tfi of a drawbar and a boss frame within 
which two hoUow drums with protruding feet are mounted,^ The drums may be filled 
wl^witter, fuel oil, used oil, or sart^ for additional weight. ' 




Fig 1-11. Sheepsfoot roller,. 



(2) Pneumfttic-tired roller (fjg 1-12). . The 13-wheel rubber-tired roller cohsists of a steel 
box mounted on rubl^r-tired wheels, ^here are seven wheels at the r^ajr and six tHe 
front, so arranged that the rear*wheels do not track the front wheels. It is also called 
Vwobble- wheel" roller because the wheels (io not run true but wobble from side to 
side. The tires do not have any treaij; even new tires a^i* smooth. The open top steel 
box may be filled with ballast n^aterial for additional weight. * 




Fig 1-12. Pneumatic-tired roller. 



(3) Grid roller , OThe grid roller conelats of a driiwbar and box frame within which two 
open-face-meeh drums are mounted. Ballast Is contained In two containers mounted 
fore and aft of the rollers. 

' \ 

1-6.' TANDEM ROLLER 

In addition to the three >bwed rollers Just discussed, the Marine Corps also has a self- 
propetl^d. 2-^axle. 5- to fl!-ton, tandem roller (fig 1-13). -It has a single large-diameter drive roll 
at the front and a single smaller-diameter guide /oil at tbe rear, A 2-cyllnder. Detroit dlesel 
engine, located between th^^HMfc^ls, provides the power for roller operation. Dual operating 
clutch controls are located oSycach side of the seat to control the direction of travel. It is 
Bteered by hydraulics coptrolj^d by a lever ;in the operator's compartment. It also has a 2-8pe 
transmission and dual foot pio|al clutch controls. The item weighs approximately 5 tons, but 



water or other ballasting mal*f lal can be added to the rolls to. increase the weight to 8 tons. 



I- 




Fig 1-13. Huber-Warco model R67eOM 5- to 8-ton tandem roller. 
1-7, MATERIALS-HANDLING EQUIPMENT 



Equipment 



Materials-handling equipment is used to movlft bulk or packaged materials, 
such as the scoopldliders and forkllfts are Included*" in this category^ 

a. Fork lifts. There are several types of forklifts used by the Marine Corps and all are designed 
^o handle^and warehouse materials. Some are designed to be used over rough terrain and others 
^le designed for use in relatively close areas over smooth, level terrain. Some, such as the 
Case MC 4000. the RKF-060, and the OS-3354 were designed especially for military use over ^ 
rough terrain. The other forklifts are q^jmrnercial types used mostly by supply units. 

(1) Fbrklift, Case MC 4000 (fig 1-14). This forkllft is a ruBber-tired forkUft designed^ 

for handling, transporting, and stacking g^r On various types of terrain- It is powered by 
3-cyUnder, 2-3troke^cycle dlesel engine. It has a lifting capacity of 4000 pounds and can 
lift up to a height of 68'*. . 
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'MAST 

Lirr CYLINDCfl 



LOAD 
8ACKRC8T 



FORK 
FRAME 



ng 1-14. 



Case 



MC 4000'Vorkllft. 



(2) 



ForkHft, 6.000-lb (flg 1-1^). The RKF 060 and the OS-3354 are 6,000-lb forkllfts 
for use In landing operations, helicopter operations, and general materials handling 
under field ciDndltlons. They are relatively easy to operate and are extremely he'lp- 
tul In combat situations where large volumes of palletized supplles.are being handled 
They are not multl-purpoae machines; they were designed to be 'used as /orkllfts only 
They have 3914 series 71 Detroit dlesel engines, torqmatic transmissions, and power 
steering. They are designed to'operate In water up to 5 ft deep. T^oth the PKP-OfiO 
and the OS-3354 have a llft-helght capability of 144 Inches. While they are similar 
to the new family of rubber-tired sectlonalized construction equipment, they cannot, 
be sectlonalized and must land over the beach or by large transport type aircraft 




^ F\g 1-15. Rough-terrain forklift. 
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(3) ForkUft. commercfal. The commercial forkllft 8 are supplied by many manufkctu re rs 
In many di^^i*®"^ ^^^^^ capacities. An operation and maintenance publication ^ 
printed by the manuf%.cturer is available for each make and model forkllft; be sure to 
read and understand^ these publications before attelnptlng to operate or service the 
-commercial type forRlifts. ^ ' ^ 

b Sco oploader-Terex 72-31MP tractor w/bucket loader (fig 1-16). This la a 4-wheel drive, 
hydrauUqally operated ^ront-encl loader powered by a 4-C3aiMt<', »erles 71, Detroit dlesel engine 
The 72-31MP scooploader Is Equipped with a^tioilate^ steerlbg. Power Is transmitted from the 
engine to the power train through an Allison Torartiatlc tran^lsslon. It Is equipped with the 
Drbtt 4-ln-l bucket and qan aly;> be fqi\lpped wltff the forJi44Tt attachment ,<;apable of lifting 
10, 000 lb. Thus this tractor can hahdlQ,.elther b^jiietjfpaUetlzed material. 




Fig 1-16. Terex 72^3lMP tractor w/bucket loader. 

1-8. AIR COMPRESSOR 

An air compressor is an efficient and versatile tool which can be used, during almost all 
stages of military construction. Compressed a^^ay be used for such jobs as sawing, drilling, 
spraying, and inflating. It is probably one of the first Items of construction equipment that you 
will come In cpnta^t with. . , 



a. Davey rotary 250-cfm air compressor (fig 1-17). This t;ompressof Is bastcally skld- 
mounted, but It can be, and Is, mounted on trailers and trucks. It Is powered bv a series 
53, Detroit dlesel engine: It wllLorovlde 250 cfm at a discharge pressure of 100 psl. It 
Is an oil-cooled, slnglf-stage,^^lng-vaneV rotary-typt compressor which has fewer 
moving parts than the reclpro<^Bg compressor. This compressor Is equipped with a 
thermoswltch assembly which jWocated on the discharge side of the Compressor. This thermo 
swltch ls connected to an autonHtlfcPhutdown control which will stop the engine If the discharge 
air exceeds 230^F. ^ ^ 



1-16 



Fig 1-17. Skid-mounted Davey 250-cfm rotary air compressor. 



b. Worthington ^0-cfm rotary air compressor (fig 1-18). This is one of the latest models 
of air compressor* used by the Marine Corps, ms wheel-mounlcd, and powered by a Detroit* 
Diesel series 71 engine. It is capable of providing 600 cXm at a discharge pressure of 100 psi for 
continuous service, or a maximum discharge pressure of 125 psi for intermittent service^ The 
compressor is a single cylinder, sliding-vane, oil-co6led, positive-displacement rotary com- 
pressor and is connected to the engine through a friction -disk clutch. An electrically operated 
shut-down systena ^ill stofTfiie, engine in case* of malfunctions of the engine or compres'sor. It 
is equipped with a minimum pressure device to prevent the discharge pressure from dropping 
beluw 70 psi. A thermostatic bypass valve assures rapid warmup and optimuVn performance 
over a wide r ange of ambient temperatures. 




1-9. MISCELLANEOUS EQUIPMliNT 

There are many more items of equipment that you will come in contact with while servmg 

ar^a where an item la seldom sent out on a job wilhout two men. 

Section m. MAINTENANCE 
; 1-10. MAINTENANCE ^STEM 

replacement, repair, rebuilding, and reclamation of equipment., 
know your responslbUltles and their relation to the overall system. 

further broken down into five echelons. - 

(1) n.».n...ntional maintenance is the responsib.lity of, and' is ff^^^^^^. ^J^^^^ 

Its responsibllttiee in clude correct operating, inspecting, servicing, lubi letting 

by the unit mechanics. , 
(a) First echelon is performed by £he user, wearer, or operator. It consists primarily 

f^o ofthe 1st important factors In the success of the h^atnl.nance system. 
■ .rb) second echelon 18 performedV specially trained personnel in the using organi^zaticMi 

It consists primarily,of inspecting, performing major scheduled 
- K ^ ItiTn V^T^ioes making major adiustmenta, and replacing parts and minor f 
te^^rs S^^pSing^^^^^^^^ 2d echelon maintenance services ^ay be 

Te ormld either' at company lev.l or in o^-^rallzed battaU6n ^^^l^^J^^^ 
While the mechanic is responsible for parts replacements, "both tbe operator ana 
i^echVn'c wUrgenerally corphine their efforts in performing- scheduled preventive 
maintenance services and mftkiog adjustments. ' . ^ 

r re;re»»n^ and refalr o, Pa«a, -''"'-"t'lr.tS „r,rpTvM 



consists of 3d and 4th echelons oPf maintenance, ^ 
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Third and fourth echOlon is perforiTiod by tlit* Force Sorvicc Support Group in direct 
* support of tho Pi\'islon. Wing, and Forc«? Engineer Battalion. Third echelon mainto- 
nfiince shops have the neceja^ufiry special tool^^. machine shops, mechanics, and repair 
parts to perform mvto specialized muintenan«e than the usin^ units. Fourth echelon 
maintenance the highest level of intermediate maintenance, and any equip^ment 
recijLilring more specialized repair ^r complete rebuild is forwai-ded to the last CatejiTory 
of maintenance, depot. 

(3) Depot maintenance consists of £v single echelon of maintenance^ 5th. It normally supports 
ihe supply function by rebuilding and returning to stock, part.3^ subassemblies, 
assemblies, or the whole Item of equipment on. a scheduled basis, t'lfth echelon main- 
tenance is generally performed at the two Marine Corps I.ogistic Support Bases located 
at Albany, Georgia and Barstow, California or by civilian contractors.* Specific authori- 
2iatioh may be granted for deployed organizations to perform limited 5th echelon repairs. 



CATEGORY 


ECHELON 


UNIT 


PERSONNEL 


I^SPONSiBlLITtES 


OROAMZATKMAL 
(USmo UNIT) 




COMMNY 


OPERATOR 


INSPECTION,iuBRK:ATK>N,AOJUSTMENT 
OPERATION 
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CaORBN. 


Mechanic 


REPAIR OR REPLACE PARTS.MIMpR ASSEMBLIES) 
INSPECTtON,$CHEDULED PM*MA^K)R ADJUSTMENT 


INTERMEDIATE 




FORCE SERVICE 
SUPPORT GROUP 


MECHANIC 


REMIR OR REPLACE PlARTS,SUBASSEMeUES OR 
MAJOR ASSEMBUei ^ 






i 


MECHANIC 


RERAIR OR REPLACE PARTS.SUBASSEMBUES OR 
IIAJOR ASSEMBLIES 


DEPOT 




LOOiSTiC 
SUPPORT BA5ES 


MECHANIC 


OVERHAUL AND REBUILD, RETURN TO STOCK 



Fig 1-19. Mainterfl^?ce System. 

c. Factors affecting mainter^ance echelons/ The echelon of maintenance at which a particular' 
repair or replacement is going to be performed depends on a number of factors. These Include 
the combat situation, the !«iture of the repair, the Jtime available, the number and skills of the 
available mechanics, and the availability of tools, test equi{)ment, and repair parts. Repair is 
pej^formed by the lowest echelon of maintenance which is capable of performing^ It,. Higher, ech- * 
elons of maintenance perform the category of maintenance which is assigned to theit units. 
They also perform, within their capabilities, the overflow maintenjfnce of the supported using 
units. Tlie lower echelons of maintenance should riot attempt to perform- repairs which are 
assigned to a higher echelon, ^Thls generally leads to canniballzation of equipment and usually 
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causes the lower echelon to neglect Uie W'^^k ihat is fheir primary reaponiiibility. The elfective- 
ness of the- maintenance system dependft on how well the men at the various echelons know and 
perform tl|i3ir own responsibilities! T>fit breakdown of individual responsibililies witlijn the ' 
system provides for a balaticed wop^cload, and there is generally more than enough work at all 
levels to keep everyone busy ■ - ' ^ 

d. Example ^ of piMiiten an ce syaJLem operation (fig 1-2©). An equipment bperator from 
engineer i,upport company, ^lvial?)fn engineer battalion, noticed that when he Inspected his 
Torox -JiS-SOM crawlelr'-H^actor for the past few mornings that there tiiXB been a puddle of 
heavy dark oil beneath his H^actor. He records the information about the leak on his 
operational record, and al^o verbally infoi*ms his secftion chief and the dispatcher. The 
dispatcher notifies the maintenance chief and the unit mechanics inspect the tractor, confirm 
a leaking ^eal, and write up a work order. Th^. tractor is serviced, all organizatiorfal main- 
tenance performetj, and then Is forwarded to 3d echelon maintenance, the division service 
battalion. Knowing that the work i? beyond.their capability, they in turn forward the tractor* 
and work order to the FSR, which performs the work and returns tl^e tractor and completed 
work order back through the various ec!ielpns*of the mainlenance system to the using unit. 
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Fig 1-20. ^lEquipment repair flow, 
1-11. OPERATOR'S MAINTENANCE 

a. Im portance . The operator of engineer equipment is the most important person in the 
accomplishment of proper' preventive maintenance. The maintenance system will be effective ^ 
only when it rests upon a firm foundation, and it is the operator through his 1st echelon maintenance 
who provides this foundation. Operators pius^t take the same care of their ehglneer 

equipment as they do their individual equipment. The successful accomplishment of engineer 
missions In support of combat units depends on the availability of engineer equipment. If the 
equipment ij^ deadlined because of a lack of operator preventive maintenance, engineer support 
capability will bje correspondingly reduced. The supply routes and airstrips which are not 
completed when needed may cause the loss of the battle. 

, "*< 

b. Operator's assignment and knowledge of equipment . If at^ll possible, a regular operator 
is assigned to each piece of equipment. Generally, new or inexperienced operators will be 
assigned as an assistant to qualified 0peratof| and. after they have rnastered the operation and 
preventive maintenance procedures for^a particular type of equipment they wifl be assigned their 
^wn piece of equipment. An operator must become as familiar with the nomenclature, functioning, 
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ope^rattori> lubrieation^ anU adjustment of his equipment as he 18 with his rifle. Operator training 
will generally proceed from the equlpmeat which is easily mastered (tractors and stationary 
cquip^ncnt) to the equipment which requires a greater degree of skill and experience (crane 
shovels and motor gradefs). If it is not possible to psplgn one operator to each piece of 
equipment, one operator may bo rtjsponslble for th<* preventive nnaintenancG of several items 
of equipments Each Item of qquipment must havc.oae person who is respona^le for its mainte- 
nance. 

c. Operator*s responsibilities. It is the operator's responsibility to porform specific 
daily and scheduled preventive maijitenance services on his asslgnejl eiqi^pment and to 
InSuVtf that it is^ in .proper operating condition. Proper operation take* in not only the 
actual^working of oquipment, but also the observance of safety rules and traffic regulations. 
Impii^er operation and disregard of these regulations are abuses of 0quiprrient. Excessive ^ 
speed (iiowb^ying") is an exampft of this. Bouncijig and bumping over rough terrain causes undue 
strain on the equipment and endangers. the operator and other men working in the same area. 
If the operator noticei^something )^rong with his equipment, he is responsible for stoppJ>ng 
operation and bringing the tlefect to the attention of his immediate superior. Operator's 
preventive maintenance procedures include dally services/ scheduled lubrication services, and 
assisting the unit mc^ch^nlcs in performing quarterly services. To insure that tliese services 
at e performed at the prqp6r time/ i system 6f rec^*ds and forms is used by the operator to 
record his services to his equipment, /The completion of these forms is one of the operator's 
primary duties. 

0 



\ 



1-12. PREVENTIVE MAINTENANCE SERVICES 



a. Lubrication and maintenance intervals. Each item of englneet- eqijifwaent will have recom- 
mend eT^iormSnriter^^ lubricating, adjusting, and cleaning of specific 
.points. Always remember that the recommended intervals designate o^ly the normal intervals 
at which particular rhaintenance or lubrication procedures are to be performed. Under abnormal 
conditions, storage, or continuous heavy service, the using organizations are responsible for 
adjusting these intervals as experience indicates. Although the recommended intervals^ may vary 



between different models and types of equipment, 
calendar and opcratingtlme. 

(1) Caler^l^ar intervals. Calendar intervals 



they will usually consist of iwo categories: 



J 



may be designated by various synibols 
but basically they all indicate the min- 
imum frequency of performance of par- 
ticular services at specified calender 
intervals. These usually consist of dai- 
1^, weekly, monthly, quarterly, semi- 
annual, and annual intervals. One method 
of indication is by the letter symbols shown 
at the right. 



Calendar Intervals" 



D 


Dally 


W 


Weekly 


M 


Monthly* o 


Q 


Quarterly (every S mo) 


s 


Semiannually (every 6 mo> 


A 


Annually 



(2) Operating time Intervals. Operating 
time Intervals are designated by the 
hourmeter or actual operating time. 
The numbers indicate th« minimum 
frequency for performing particuliir 
services. One method of Indicating 
operating time intervals Is shown at 
the right. 



=2f* 



Operating Time jpfcervals 




8 




8 hr 


25 




25 hr 


50 




50 hr 


100 




100 hr 


125 




125 hr 


150 




150 hr 


17* 




175 hr 


200 




200 hr 


300 




300 hr 


500 




500 hr 
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(3) Combination calendar and operating time Intervals. You will usually fuid that many a 
Individual services or lubrication points will be assigned both a calendar and an oper- 
ating time interval. When two symbols are assigned to a service^ it will bo acconi- 
/ pllehed promptly upon the expiration of whichever interval elapftes first. For example, 
if the engine crankcase oll chftnge vi^as assigned a calendar Interval of. quarterly and an 
operating time interval of 100 hours, and the piece of equipment is operated 100 hours in 2 
month?, the crankcase oil would-be changed at the 100-hour interval. If the piece of. 
equipment operates. only 50 hours during the 3-month calendar interval, the crankcase 
oil wQuld be changed upon the expiration of the calendar period. 

b. Types of service, 

Paily service. Daily pr^entlve maintenance services are the responsibility of the 

iadivldual equipment operator Tthe user). They are performed ir) accoNance with th'fe* 

checklist o(^ the b^ck of the Engineer Equipment Operational Record. NAVUC 10523 

and the infarrnation contained, in the equipment technical manual (TM). Specified services 

are performed before, during, and after each operating period. Services are scheduled and 

performed on standby dr stored equipment at periodic intervals (weekly) to make sure 

it will bo ready when needed. » -* 

' • 

(a) Before-operatioti servic^. These services are performed on equipment before it is 

started. The purpose of this check is to dQtol^mine .whether or not the condition oMhe 
equipment has changed since the e<^^ipment was last operated. Many things can happen 
between service checks, Tires may be deflated; freezing may have\ofccurred: or engine 
oil, water, or fi^el may have leaked out./ This service should never be omitted 
no matter what piece of equipment you are assigned to. It onl^ takes a few minutes to 
insure that the equipment is ready tb go. The man who runs out of fuel while out on a 
job has no one to blame but himself. If you find tlvit your eqi^lpment is defective or 
damaged, you should report it to the dispatcher immediately. 

^ (b) During-operation services. During' the time the equipment is being operated you should , 
be alert to detect any unusual or unsatisfactory perfornxjance. Unusual noises or odors, 
abnormal gage readings, and steering irregularities are examples of things which should 
be reported on the Operational Record. If there is an indication that your equipment is not 
functioning properly, you should stopJ operation immediately. Check out the malfunction 
and either correct it or report it to the equipment foreman or dispatcher. Reporting ^ 
malfimctions promptly will enable the equipment to be repaired before, more extensive 
damage occurs, \hx\s saying both man-hours and mortpy. 

> 

(c) After-operation services. These services are performed in order to make sure 
ih^i the equipment Is ready to go at a moment's notice. The operator refills the 
fuel lankws and then inspects the equipment tp determine if any darnage occurred 
during operation. Any assemblite that require iaepection or service while still at. 
operating temperature are taken'care of as soon as possible after parlcing the equip- 
ment. All defects and irregularities that developed during operation are noted on the 
Operational Record, It is good practice to inform the dispatcher of these troubles ^ 
when you turn in the Operational Record at the end of the day. This wilj absist the « 
mechanics in correcting small troubles before theynaecome big problei'^fl. An 
operator should become so used to performing these daily "A" services, that they 
become second nature to him. 1 

(2) Lubrication ' 'I. " service. Construction equipment, military and civilian, requires 
extensive lubrication at prescribed intervals. These services are performed by,the 
equipment operatdr with the assistance of the unit mechanics, if necessary (such as 
when the operator does not have the necessary tools). The lubrication services are 
performed in accordance with lubrication Instructions contained in the individual . 
equipment TM. Bec^.ause these lubrication services are so extensive and time Intervals 
for lubrication of specific points vary» it ie good operator practice to have a TM on 
hand whenever vou lubricate your equipment. After operating one type of equipmeiat 
for a long time, you will becoint thoroughly familiar with those lubricatton points and time 
intervals,. Remember, however, that every time you are assigned to a different typo of 
equipment that the TM shoulflj become your lubrication guide. 
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(a) Sc heduling of ''L" services. Lubrication Intervals vary between different models and 
types of equipmoiU, Because of this, the services are scheduled on the Consolidated 
" Engioeer Equipment Operational Log and Service flecord (NAVMC 10524), which is 
maintained for o(ich piece of^qulpment. Space is provided on the form for recording 
and schodulUig oil changciJ^d lubrication services whlc!) arc due weekly, ^m)nthl.y^ or 
after specific periods of operating tiiTie. ^ 



(b) ProcedureS yBefore dispatching any equipment, the dispatcher checks the Operational 
Log and ServWe Record to see if a lubrication service is due. If so, he enters the' ^ 
r^ecessary infon^atlon on the OpieVational Record (Trip Ticket). Then, you, as the 
>> operator ^re res^nsible iov performing the scheduled service pn the equipment 
before leaving thfe\quipment pool. A fte^ performing the required services, make 
/sure you^ record theVAc^ on the trip ticket. This will enable the dispatjcher to main- 
' tain accurate lubrication schedules, preventing either over - or under-lubrication. 
Effective lubrication service scheduling depends on accurate records. 

{c\ Lubrication information, 

■1. Technical manuals. The equipment tM contains lubrication instructions and charts, 
anfl a detailed explanation of the services to be performed on a particular item. In- 
formation Includes the point of lubrication, hour or time interval, and the type and 
quantity of lubricant to be uged at different temperat<.ir.es. You should always use 
the TM as a guide when lubricating 3'our equipment. 

2. Lubrication instructions (fig 1-21), The upper portion of the lubrication instructions. 
Sometimes called the lube order (LO), Is devoted to lubricating oils. It provides vou 
/ with information c<)hcernlng the uses of various military specification oils, their 

application, filling and changing Intervals, capacity; aftid the grade or weight of oil 
to be used during different temperature ranges. 'The lower po"rtion covers the 
various types of greases, the points at which they are us^d, the "interval at whi<ali 
they are applied and, in some cases, if\e number Of grease fittings (2). Information 
concerning filter element changinj^ is provided at the lower left of the instruction. 
On the LT are two charts (see fig 1-22) showing the location of the service points, 
hourly service schedule, and the type of lubricant. It is worth noting at this point 
that the engine oil filter elements are changed at the same hourly intervals that the 
engine oil is changed. This will be true for most of the equipment vou will«be 
operating. 
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SYMBOL 



0€ 



GAA 



GO 



HB 



KEY 



LUBRICANT AND 
APPLICATIONS 



OiL. E 091 no 
Mom fifigino cronk- 
coso 



syntom 



Winch gear 
box and 
adaptor 



GREASE, AutofTiotive 

and Artillery 
Drain plutp, vviru 
ropes, controJs, 
tricks, pivornxle 



LUBRICATION OIL, 
Gear 

Final drive guor boxof 



BRAKE FLUID, 
Automotive 
Broke cvlir»dors 



EXPECTED TEMPERATURES 



ABOVE +32 F 



+40 F ;[Q0 F 
^ 

SAeao 

MIL L 34049 
NS9110t 



+ 10V TO 25*'f 



SAfe TUMII L :f104Uy 
NS*9110 ( 



MIL-L-2104B 
NS 9110 



OES 
Oil., LtJhrioition, 
o»i!|ine. Sub.Toro 
MIL-L-10296A 



' SAE10 
MIL L 2104B 
NS 9110 



MIL-Q-10924B 



SAE90 
MIL-L-2105B 



FEDVV 



INTERVALS 



SYMBOL 



INTERVAL 



D 


Daily 


25 


25 hours 


50 


50 hours 


100 


100 houffi 


im 


200 Ikhiis 


600 


600 hours 


1500 


1500 hours 



4Mb 

NOTES 



NOTES 



r \jf iiin only 



1 CHANKCASE Dfiim only wh«n oil it hot. Refill to 
"TULL" mark un Oil lovul Qi^ugir f<un ongiiie u few miiHltVS 
(Hid luchock luvol. Add 0£ if n<tcu;^snry. Check luvel daily end 
fill us nec«ss«fy. f^iiploco oi{ ftlior eloniont each tfme oil is 
changod. 

2. TRANSMISSION Check oil level daily. Add OE as 
ficcossnry. Drain only when oil ts hoi. Cluan suction screen and 
lircathur filter and iQpluco prt?ssurc filter cartrldoe 8t 600>hout 
intcivuls and at o.ich oil chunytf. Riimov* oil leyfll gauge to 
promote fa$l«r drainainr ^ • 

3. UNIVERSAL JOINTS Qpi?n floor plate and rotate drive 
shaft for access. Do not use high pressure §un on these fittings. 
Seals will rupture under pressure. 



4. HYDRAOUIC RESeHVOIR : Check level daily and inJd OE 
as necessary. . Clean urei:, around filler cap thoroughly before 
lentbviny. Ordin only wh^n oil is hot. Clean filter screeh and 
luptactf return filter cartrtdoe at GOO-hour imervflls and with 
each oil change. » 

5. WINCH BRAKE SHAf=T BHARINGSr Three lube points, 
two txtornal and one intarnei. Rotate brake shaft so plug^n 
each bearing guard are ocoesslblc from tow winch druiV 
Ronnova plugs/mstall fittings and pump in 9rease until rlcaiV 
<Keasa th6ws around bearing guar<|. To grease ^i^kd sluift 
bearing, release winch brake, remove' cover and gas|<«^^^m left 
side of winch and remqve brake drum. Grease^beaWri^ rn same 
manner As external bearin^^. Wipe Qfuay all excess grease and 
replace plugi. 



1-21, Lubrication instructions for the^Case MC1150 Scooploader. 
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LUBRICANT • INTERVAL 



En«in« Ol f tll«r 100 



Tjcho«viiit«r Oriv« GAA 100 



HB 100 



Btak9 Maeit«r 

Cylindtrs 

Chrck level and 
aild necessary 



OrivMhati Spftn* GAA 600 

f^amovi' plug 



Tranimivion Suction 
Scrvcn 

R«mov« and 

clean m solvent 



Cwm Drwn 

S*f Note 2 



TrMmwMion Filtar 

Replace clement 



OE 1500 



600 



TrafMRMWion fMt CNE 1500 
CapaciiV 52 quar tf 
SM Note 2 



1W>i Nii Sratie 
Sm Note 5 



QAA >M 




600 



TOP VIEW 



KEY 
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RVAL • LUBRICANT 



LUBRICANT • INTERVAL 



/ 



INTERVAL • LUBRICANT 



lOO^^E 



Engine Crenkcase 
Oiein 

See Note 1 



Engine Crenkcase 
Oil Level Gege 

Check Jfvel 



100 OE Engine Crenkqaie 

FiH 

* Copaciiy 19 qunrts 
Sec Noie 1 



100 GAA Brake Pivot 
Shaftft 

2 Fittings 



100 GAA Un>vef»a4 Joitfts 
2 Fittings 

Sec Note 3 



Trani^iuion 
Oil Level Gaoe 

Check level 



1500 0€ Hydraulic 

Reservoir Fill 

Capacity 132 quatK 
Seo Note 4 



600 



600 



Hydreutic Oil 
Filter 

See Note 4 



HydrMttc dl 
Filt«f Screen 

Sw Note '4 



1500 HB Hydraulic 

Reavrvoir Ormn 
, See Note 4 



HydraMltc 
Raaanroir 
L«v«l Gafa 

Check level 



Winch Gear Cau 
Level Plug 

Sec Noto 1 



Adapter Level 
Pkjg 

See Note 1 



Adapter Dram 

S«w Nolt> 1 



final Drive 

Fill and Level Plug 

fiW to plug 
onioning 
See Note 2 



Fmel Drive 
Dram Ptug 

Sw; Noit? 2 



Pivot Axle 



Lilt Cylinder 
Rod Eye 

1 Fitting 



Lift Cylinder 
Trunnion Pin 

2 Fittings 
each si0e 



600 



600 



GO 100 



Bucket Linkage 

3 Fittings 
tach iidn 



GO 1500 



GAA D 



GAA p 



GAA 



GAA O 




OE Winch Oea» Ceae 
Fillet Plug 

Capacity 16 quat ts 
See Note 1 



Winch Geer Gate 
Level Plug 

Se»! Note 1 



OE Adapter Filler 
Plug 

Capacity 3 pints 
Sec N6tr 1 



GAA Win4;h Brake 
and Shilt 
Control Catiles 

Each end 



GAA 



GAA 



GAA 



Leveling Arnt 
Pivot Pin 
I Kiltmg 

each side 



Lift Arm 
Pivot Pin 
I fitliny 

each side 



Leveling Linka 

2 Fittings 
each side 



GAA Clem Cylmdari 

1 FMtmg 
Vnrh sidf 



GAA Cfem Pivots 

1 Fitting 
each 4 1 lie 



' e 

1. WINCH GEAR CASE AND ADAPTER: After initial 40 
hourt of operation, drain oil from both locations and refill 
with new oil (16 qts. tn gear cata and 3 pints* in adapter). 
Thereafter, ''^change oil in both locations every 6Q0^hour»- 
Check level dally by removing level Diugi. Add or refill through 
plugs at top of housings, while lev^f^lugi are removed. 



2. FINAL DRIVES: Check level every 100 operating hours 
and tdd GO at necesiary to level of filler ofHtning. Drain only 
when oil is hot. 



Fig 1-22. LubricaJ^ Chart. 

25 



40 



(3) Quarterly *^Q" aervfce . 



(a) , Puf ppsctr TRls provides for detiiiled Iryp^ectioh and the clf^aning, tightening, 

adjusting, ^and lubrication of each piec<^ o^ equipment ta inpure trouble-free operation 
until the next^qu^rterly qheck. The seryice is quite extensive^and will general ly be 
performed in the area of the maintenance flhop. The equipment operator as&isTs tni 
mechanlcaJtn making the check because he is the one who is most familiar with the ptr^ 
ticular ttem of Equipment/ ~1Vlany of the:j3erv^ which are performed during the check 
come prltnarily under the pper^^ator^ei responpibllity. Also, during the check, the oper- 
ator Jvilt becpme fa\nili^r wjth performing those ddjustments ahd repairs which are nor- 
mally bandied by the unit mechanics. This experience will be efctremely valuable when 
is operating his equipment alone or vrhen l& Is attached to a dei^loyed unit. An expe- 
^A^'li&nced equipment operator should Jbe cc^pable^f installing hl|| ''mount out" spare 
part? whfn attachcfd to a deployed unit/ 



Quarterly seijyices are scheduled pre- 



(b) Description and recording of quartjarly service, 

venlive maintenance services which are performed by 2d eChelQii maintenance personnel, 
the unit niephanics, assisted by fte operator. This service is performed in accordance 
wifri the checklist on the Work Sheet for Preventive Maintenance, and Technical Inspection* 
of Engineer Equipment (NAVMC-10562) and the data provided by the equipment TM. 
As the maintenance is performed it is checked and/or noted on the form. The form is 
filed in the record folder and maintained as a record until the nifJrt quarterly service is 
performed and recorded. The preventive maintenance roster (NAVMC 10561) is alscv 
updated as the maintenance is performed, 



1-13, RECORDS AND FORMS . . , 

■"a ■ 

♦ J" . 

a. Introduction. In the preceding paragraph we discjussed the various classifications of prwen- 
tlve maintenance services and mentioned, how important it is that these serviceq be accurately 
scheduled and recorded. This paragraph will briefly cover those records and forms which vou wilh 
be dealing with as an engineer equipment ooerator. More Information can be obtained bv takincf^ 
MCI ooUrse Engineer ForAas an d Records . W n 



b. Operator license (tig l-;23). The operator's license, Standard Form 46, states the type 
of equipment you are qualified to operate. No engineer ej|uipment ms^ be operated by any per^on 
who does not have a valid operator's license for that^par^icular item of equipment. Student opera- 
tojb^ .should be issued a learner's permit consisting of an SF 46 with 'XEARNER" Indelibly stamped 
aorpss the face, an^ the specified equipment placed on the reverse side. After passing [the required 
OManissation test, wriften andSr oral and practical, the operator will be 'issued a regciiar SF 46 
stating what equipment he is rtow qualified to operate. Military licenses are valid ^fOY 3 years and 
must be renewed at the end of that time. The front portion of the license mu6t be signed by both 
the licensing officer and the operator. The rear portion of the license mtlst be signed in the ap- 
propriate space by th^ qualifying official, generally the equipment foreman or chief . You must 
have ydur operator's license in your possession whenever you are operating or pe rf or npng 'pre- 
ventive maintenance on your asaigned equipment.^ The licens«? may be .revoked at the discretion 
of the commanding, officer* - 



U.S. aOVCnNMCNT MOTOn VKHICLt 
01»CRAT0n*« lOCNTinCATKM CAUD 



H»t*>l 



S5 
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Front " Back 

Pig 1-23. Standard Form 46, 
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Kng^neer j;quipmenLi3perationaI RftCQJiH).-NA_yMe. l052 3 (Hev 10-6 4) (flH 1-24). 

(1) Purpoge . The operational record or trip ticket, as It is often called, Is the operator s 
authorizaUph for the uae o^ a particular piece of equipment, on a specific date, at a specific 
time, Ind at a definite location for a particular task or'job. The rear portion of the form 

' ia uscxl tQ'reCPrd tUe P5jfQr,Tnanc<> of dally ''A;; operator preventive maintenance services. 
* Lubrication "L" services are recorded on the front, 

(2) Dispatcher's resppnaibility . The unit dispatcher prepares the operational record and logs 
the equipment out. He will fill in the columns pertaining to the date, equipment, USMC • 
No. , and organizatiorf. He Vlll mo fijl In the operator's name, time out, and the loca,tion 
to whiph the operator reports^ After completing the upper frpnt of the record, the dis- 
patcher Avill check the Equipment Operation Log and Service Record to see if any lubrica- 
tion services are duq, If so, rfe.will enter the required information on the form an(l\^:ien^ 



* sign in the appropriate blank. 

(3) Operator's ijr^spongibility. The <^perator ta 
ment hourmete^*, 'places this figure in the 
which are due must be f^erformed before th 



es the trip tickef^ and after checking the equiD- 
lurs start" colutpn. Any lubrication service! 
iquipmet^t leaves the equipment pool and the 



appropriate?- information recorded on the form. The operator jjerform? his daily set 
vices in accordance -with the rear portion of operation record and^the information "in the 
TM, using the marking legend at the t-op of the form, * 

W^tle opirating the equipment, the operator performs his during-operation services and 
recoils the information. While on the job, he also enrtjrs the type of worked performed , 
(^clearing, road maintenance, loading trucks w^th clamshell, etc.) 

Upon completion oj^the job, the operator bbtains a "released by" signature and the time 
of refeaseVi^om the job supervisor. 

(4) Completion^nd filing . When he returns to^ the emjifJf?^ the operat<>r perfoiVns his ' ^ 

"after-operation services, signs the form on the 15ottom rear, and lower right f ro^L , and 
fills in the "in" time and "hours,, " He then subtracts the 4:gut"^from the "in" an» enters 
thcxolifference in the^" total" column. ^ . 

When the form has been completed, he obtains hi:? equipment foreman's or section-chief's 
signature on the front and turns the completed operational record over to the dispatcher, 
the dispatcher, ^c^his procedure assists the equipment^ foreman \n keepfing abreast ofthe 
" operational commitments and the performance of preventive maintenance on the equipment 
in his charge. ^ ' ^ ^ ' 

Paring many construction Operations, the equir^^j^t will remain, on the job site. In tJflS 
case, the equipment wilk*e serviced in the field and qjily tl^4:4ispatching and turning in 
" of the completed operatlo1tarreco*Pd will take place in the eqUipiJitot pool. Whatever tl^ 
case, the records must be maintained in a uniform and ^ccurat^ manner in or^er^o ef- 
Te^tlvcly *hedule both commitments and lubrication service^^. I^emember. if your equip- 
ment is not operating properly, you should make it a matter ^f i^oli^y no^nly to record it 
on the operational record, but atso to call it to the atffention of the equiprtlfent fora«pan and 
dispatcher, veVfcally. The dispatcher completes his records and fUes the form in the ve- 
hicle record folder. ^ , " ^ 



« 
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Fig 1-24. -HEngineer Equipment Operational Record. 
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d. ConB Olldftted Eng inee r EqMlpment O parati on Log and Service Record, NAVMC.M0524 
(rev 4~70)«(flg 1-^5)/ 

(1) Purpoae« ^ duplicate of this form serves as the operational authority and maiiUenance 
for stationary equipment (water pumps, well rigb. rock crujahers) that remains at aVjob sit' 
for long periods of time. In other wo^ds, no operational report or trip ticket is r'equired 

.for operation of ihin equlprnent; the foirm serves a twofold purpose. The form will also 
servo as a maintenance log to record and schedule preventive maintenance on all other items 
of engineer equipment. It is from this fgrm that the dispatcher obtains the mformaiion ^ 
concerning lubrication ''I/' services which may be due on equipment. Pertinent opeiational. 
service, and repair information will be taken from the completed cf^perational rerord^nd 
transferred to the impropriate spaces. " . 

(2) Completion and filing, the recommended PM schedule maybe obtained either from tlie 
TM or the rannufacturer's manual. Oil change and lubrication informatioYi is carried over 
from previous forma and kept up to date with information extracted frcftn operational records. 
Operation and servi<ic Information is recorded on a dally basis. Repair Information can 

be obtained from the imlt maintenance shop. After the form has been filled, appropriate ^ 
information is placed on a new form. The old form' should be disposed of In accordance 
Avlth local regulations. 

When an item of stationary equipment is to remain at a project site for a long time, the 
dl3p|^tcher makes up a duplioate form with all required information recorded on it. The 
duplfcate form is Issued to the operator and will serve as his operational authority for the 
duration of the job. Tho^form remains with the equipment and the operator is responsible 
for making the necessary entries and perfornilng the required services they become *^ 
due. Tb^ date of issue, the hours or mileage on the equipment, and the name of the operator 
• are entered in the "Ttemarks** column of the original loj? which is kept'by the dispatcher. 
When the job is completed and the equipment is returned, the duplicate log is turned in to 
the dispatcher. He tr^inafers the appropriate entries to the original log and destroys the. 
duplicates. • ^ • 

The above procedures regarding the duplicate' copy of the log are often used when equip-, 
ment is atiached to small units, such as engineer platoons, which make up one of the rein- - 
forcing elements of a battalion landing team. This provides the operator with operational 
authority, eliminates paper work, and permits the operator to effectively schedule the^ pre- 
ventive maintenance and lubrication of his equipment during the time he is deployed. 

As you can see, depending on the circumstances, the responsibility for keeping this form 
up to date will rest either with the operator or the dispatcher. In either case, accuracy 
and completeness are a must if equipment is (o be maintained properly. 
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Fig 1-25. Congolidated Engiriteer Equipment Operation Log and Service Record 
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Qperttor 8 Report df Motor* Vehicle Acctdant, Standard Form 91 (fig 1-26). 

(1) Introduction . Thle fc^yiii a<^On)panie0 each Item of equipment when It la being operated, 
and te ueed by the opefcator|to provide a detfiled report of any vehicle accident In which he 
is involved. The report i# to be completedfr regardleae of the extent of daiwigc caused by 
an aooident, and ia to "be filled out by the operator at the time of^ the accident. If the oper- 
ator ie injured and unable to complete. th<> form, it willltie completed at the next earliest drite 
ppaaible. The report^lill be completed Vnd submitted to the equipment officer for review 
and forwarding. It will be ulied by the investigators of the accident. 

(2) Completion ina^ructione, jpbe need fot accuracy and attention to details when completing a 
Standard form 91 cannot be overemphasized. The operator shoald attempt to obtain as much 
information about the accident as possible and enter it on the repbrt. The report should tell 
WHAT, When, where, who, and why.; Particular attention is paid to information Qoncerning 
the other vehicle, its driver or owner, and the fflpimes^nd addresses of any witnesses. In 

case (he curator cannot complete the report Wcause of injuty or death, the next senior ' 
military person will complete the initial r<iport. 

(3) Miscellaneous in structions . An^perator involoved in an accident will render assistance 
to the injured and attempt to notify the proper military authorities as soon fits possible* 

He will comply with State and local laws, rules, and regulations pertaining to the reporting 
N#of vehicle accidents^ He will NOT expf^ess opinions regarding the accident nor complete 
any civilian insurance company accident forms. The motor vehicle accident report is for- 
warded for action, but a copy of the report and the/0^gineer Equipment Operational Record 
are maintained in the organizational files. ^ 
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Fig 1-26. Operator*s Report of Motor- Vehicle Accident, Standard Form 



91. 



<f 1-32 

46 BEST COPY AVAILABLE 



f. Quality Deficiency Report (9DR) SF36 8 (Formerly Re fe vr^^^^ Fig 1-27 

(1) Piirpote and reBponsibillties . The SFS^S is an administrative form used to report 

equipment and material failures and equipment design deficiencies. It is the reeponaibility 
of all individuals who come in conti^^t with defective equipment to submit a SF368 
through their unit, 

<2) Categories of reports . To insure that serious defects are quickly acted upon, the 

forwarding procedures for the SF368 have been broken down into two different categories. 
When a discrepancy is discovered, a decision must be made as to which category it 
fits into using the guidelines described below. 



(a) ' Category I;report. If a deficiency is discovered that could cause an Injury to someone 

or could hurt the combat capability of a unit, a Category I Quality Deficiency Report 
should be sent in standard message format direotly to CMC (Code LIVlO-2), This 
report must be sent within " 24 hours after the discrepancy is discovered. If 'the 
" discrepancy is very serious, it may first be reported by phone or even in person and 
then later confirmed by m^essage, . * 

(b) Category II report^ All deficiencies that do not need to bfe immediately reported are 
sent in a Category II Quality Deficiency Report, Category I! QDR^s must be submitted 
within 6 calendar days after the disci^epancy Is discovered. 

It should be the responsibility of the equipment officer to determine whether the ^ 
deficiency is of such a nature as X6 require a Category I or Category II report. In 
either case, an SF368 should be completed and submitted"^ the .equipment officer for 
this decision. If, in his opinion, the discrepancy requires immediate action, the 
information on the .SF368 can readily be used in submitting the m^^sage because the 
message format is keyed to the entries ot\ the SF368, , . ^ 

(3) Filing and disposition . When reporting Category II deficiencies, three copies^ftist 

be sent to the screening "point (CMC code LMO-2). One copy will be maintained x>'n file 
by the unit maintenance management officer. ' - 
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Fig 1-27. Completed SF368 (Quality Deficiency Rfport), 
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1-14, PUBLICATIONS 

Introduction. It im the responsibility of jiU personnel concerned with operation, maintenance, 
and supply to sectire and use all available and current publications which apply to engineer equip- 
ment. The Marine Corps technical publications system will pfovide you with the detailed information 
necessary for effective operation and maintenance of your equifAiient. ThsHndei^of Authorized 
Supply and Maintenance PublVpatiblts (Stocklist 1-2) will provide ](ou with tro information regarding 
the Marine Corps or civilitm manufacturer's publications on the opnBration ^nd maintenance of a 
particular piece of equipment. The Marine Corps -publications will be explained below. 

V 

b. Types of technical^publications. 

^ * 

(1) Technical manual fTM). A TM contains a^j^escription of equipment and instructions for 
effective use which may include the following: instructions covering initial preparation 

,for use; operating, maintenance^ and overhaul instructions; related technical information ^ 
and procedures. 

^ / 

(2) Technical instruction (TI) . A TI adcjs, technical information not included in a TM, such as: 

(a) SpeciaT professional techniques and maintenance procedures for supply personnel, 

(b) Supplenientary TM information Vhich wilibe incorporated into the next TM change or 
revision. 4 

(c) Administrative technical details primarily fOr equipment maintenance which can be ' 
more suitably di^tril^^d bv/an instruction. (Examples are form^ to Use. special 
safety measurjas^^^aird s^rm^e ability standards. ) «^ 

t^) Urgent instructions to distribute critical information to assure proper use, operation, 
and maintenance of equipment and materiel. \^ 

(e) Nonurge|it instructions for changing or altering equipment. These instructions may 
affect physical, technical, operational, or military characteristics; however, this 
kind of TI will: , . 

' 1. Not include a kit. ' . ' 

2, Not be reported, > ^ 

3^, Ordinarily use production maternal oH common hardware if material is tteeded. 

oi/a4I)X An MI moaifies equipment t^add certain tactical an^ 



f3) Modification inatructic 

technical advantages^ It is hff^ally the type instruction and authorization received after 

*eficlency 



submitting a Quality Deficiency Report, It sets forth authentic and uniform instructions 
to correct the weakhess In an equipment design^ Its importance reqtiires a strict reports 
P ^ c^ntiy>l by equipment serial number. The MI will include instructions which meet any of 

the following conditions: * 



y ^ . ^<a) Urgency. 

A "\ ^ (b) Indispensability to an item's or a system's operation or effectiveness. 

J * *^ * - ^ . 

Jk) ^elusion o|^.Jcits or costly parts which the Marine Corptf closely manages. 



V 



j 



(4) Lubrication instruction (]LI) . An LI prescribes lubrication instructions fot* equipment,- 
V* - including the lubricants Ar proper servicing. \t sets up required intervals and explains 
'methods and procedures for lubrication and" maintenance. 

(Sr ^Stj^klist' type 3 (SL-3)* (Components List), The SL-3 consists of information on col- 
lection-Qp^ items (tools, accesrspries). 

f " I ^ . » " . ^ 

{«) stocklist. type 4 (9L-4I - (Repair Part List). The -SL- 4 furnishes information for repair 
p^rts required fqr maiiltenance and support of equipment.^ 



er|c.^ 





(7) Marine Corp s orderB (MCQ'a) . Theso directivea ar« printed in inamial- or letter-type 

form. They ore of n continuing nature and contain the specific information needed to carry 
out somd particular Instructions. Tliey are reviewed periodically to reduce the poasibiiity 
of conflicting instructions and to insure that they are applicable and appropriate. A listing 
of effective Marine Corps orders Vs distributed quarterly so that using units oa^n Inventory 
their directives. They are usually filed in the copipany office under the numerical sub- 
ject classificsftion systetp. 



(B) Mlscellaneoua publications . 

(a) Marine Corps Supply Manual (MCO P4400, 19K This is a 5-volume publication that 
outlines the responslbilltes of sui>ply and maintenance personnel. It contains general 
instructions of a permanent nature which may be supplemented by other directives. 
It contalfts the regulations that opyern the allocation of funds for procuring new equip- 
ment and supplies and Is one soujce of information that will assist your seniors In 
keeping records, turning in exj^Mp spares or equipment, and turning In recoverable 
Items, The complete set (all ^BRmes) Is usually maintained by the battalion supply 
office. \ 



(b) Marine Corps bulletins (MCB's). "^ These directives are printed in lettei^^type form and 
have the same force as a Marine Corps order, but they are either prUxiarily informative 
or temporary in authority. Bulletins will Include a self-cancellationfdate. Instructions 
contained in a bulletin should be followed carefully because they may be canceled before 
they have been completely carried out. For example, if you receive a bulletin that in- 
structs you to turn in all excess tools during the month of June, do so at that time or 
yoii will not liave a reference for your action and supply can refuse to accept the excess 
tools. Bulletins are usually filed in the same location and under the same system 
Marine Corps orders. 



^' Numbering system (fig 1-28). The number of any technical publication ^3 its identification. 
These numbers may consist of four elements: type lctt.ers, basic number, m^ntenance echelop" 
number, and sequence number. t . 



(1) Type letters . The first element of any number will tell you nhat lype of technical pub- 
' llcation you are dealing with. It will conjjist of two letters, .such as TM, SL, TI, or MI. 
Stockllsts will have- two letters and a number, SL-4, 



Basic number . The basic number Identifies the particular pie^e of equipment or subject 
with which this publication Is concerned. ' One of three different kinds of basit: number 
will be assigned. 



srs 



(a) Item designatyf^r ID number . This is a 5- digit number followed by a letter (excluding 
O and I) assigned to a system, major item, or multiple-use major component. The 
5-digit identifying number is taken from the Table of Alfthfelzed Materiel, a supply docu- 
ment, which Identifies all organissational equipment in the Marine Corps* The letter >\'hich 
follows the number will be used to Indicate different makes Whd models of one piece of 
equipment. For example, TM 00872A covers tlie earlier Bay City, model M37. cranes, 
while the latest models (M63) are covered by TM 00872B, It the publication covers 

^ more than one model of the same equipment, the suffix letter(s^ will be dropped ^nd 
reference made on the cover sheet concfernlng the specific models covered. A TI 
covering both models of the M37 would be numbered TI(j0872. 



(b) Federal supply classification number . 



cla'ss of material rather than the ID^number 
any crane National stock nt 
would be numbered TI 3810 



This is a 4-digit number based on the group and 
For example. 



tlie first four numbers of 
any crane National stock number are 3810 and the TI pertaining to general crane safety 



j/3) 



(c) Standard subject identification code (SSIC) . This number, used for a variety of sub- 
jects, applies when general information covering a wfde range ot equipment, . such 
as electronic, motor transport, and engineer, is discussed (example: MCT' 47O0)r 

\ 

Maintenance echelon number. The thlij^d element of a pliblication ie the echelon of main- 
tenance indicsJlor. This consists of a li~digit number and tplls to what echelons of main- 
tenance the publication pertaij;^. Sp far we have a technical publication which might have 
a number^flSte this: TM 00872B' 18^ Te'chnlcal ManuaFlfor the Crane-Shovel, Crawler- 
Mounted, modfl M37 (M83), 1st through 5th echelon mj^tenance. Possible echelon of 
maintenance InHlcators 




■j 



1^ 



in) 


-10 


lat echelon only\ 


Pperator or crew instructions. 


(b) 


-20 


2d echelon only. 


Organizational maintenance instructions. 


(c) 


-30 


3d echelon only. 


Direct support of field maintenance Instructions. 


(d) 


-40 


4th echelon only. 


Field maintenance instructions. 


(e) 


-50 


5th echelon only. 


Depot maintenance instructions. 


(f) 


Any 


coniblnatlon of these echelons to which a publication would apply: 



'12 1st and 2d. 



\ 



-24 


2d through 4th. 


-25 


2d through 5th, 


-34 


3d and 4th. 


-35 


3d through 5th. 


-45 


4th and 5th. 



ERIC 



-13 1st through 3d, 

-14 Igt through 4th. 

-15 1st through 5th. 

"23 2d and 3d, 

Note; When two consecutive numbers are uded, such as 12, they apply only to the echelons 
which are specified. When two nonconsecutive numbers are used, such as 15, they include the 
echelons which come between them. In the case of the numerical designator 15, the publication 
would apply to Ist throg^h 5th echelon maintenance. jfl ^^"^ 

(4) Sequence number . If more , than one publication is issued pertaijiing to a particular piece 
of equipment, a sequence number is added. This fourth element «^ publication number 
is separated from the maintenance echeloti indicator by a slash nrark (/). The sequence 
niuiaber will generally be used on those publications,- such as Mi's and TI's where more 
than one is usually published. 



i .... 

TYPE 

TM 
Tl 
Ml 
LI 
SI 
SC 
SL-3 
SL-4 



2^ 



ELEMENTS 
3^ 



BASIC NUMBER | mainte^^^ 
(I D OR CLASS) 



4th ^ 
SEQUENCE NO. 



04078A 



IS 



/I 



' Fig 1-2^ N^lJ^ring system. 
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d. Slngle-and muUipl^-unit publ ication aystern ^. The Marine Corps system relates publi- 
cations to specific equipment and to major compQifenJs which tfre iised on more than one piece 
of equipn>ent.' * '* 

(1) Single^uiiit system. Most of the Marine Corps technical publications will come under 
the slngle-*unit system. Thi9 system incorporates all the echelons of maintenance into 
a single TM. Generally, they will include information oonoerning operation, organiza- 
tional, field and depot maintenance of the complete end item of equipment. The main- 
tenance support of components and parts of the end itiln will be covered in th€^ end item 
publications. All MI, s Si's, SL's, etc. have the same basic number (5-digit ID number) 
as the end item. 

'« 

(2) Multiple-unit ey gtern^ The multiplerunit system is used for complex equipment and j 
weapons systems such as vehicles, self-propelled weapons, and radar. This system 
Is used for equipment which has several major components or auxiliary equipmei^t 
which is used on two or more end items. Examples of this are the GMC series 71 
engines and Allison 3331-^1 Torqmatic transmissions which are used in a variety -of 
engin^r equipment. Instead of duplicating the infoj;^mation in each individual equip- • 
mentTM, separate TM's were made for the engines and transmissions, and the end 
item TM simply refers to these manuals for overhaul and repair information of thdse 
components. ♦ 

e. Multiple-unit gystem technical manuals . Technical manuals are arrAnge(i ^.s follows: 

(1) Organizational maintenance manual . This manual will provide the compleie^oipganiza- ■ 
tional maintenance support of the major end item or weapons system. This includes 
the organizational maintenance of all components or auxiliary equipment even when 
these are covered in separate TM's.' 

(2) Field and depot^tntenance manual, A separate TM will be p]|:eDared)sivhen necessary^ 
covering the field and 4||pot maintenance for components or kuxiliTCy equiiH2[ient of end 
items or weapons systems. This separate manual can be used for all items of^equip- 

^ ihent having lifcfe conlponents, thiis reducing the number of publicTtions required on a 
Marine Corps/wide basis. J 

1-15. FUELS AND LUBRICANTS v ^ < ! ; 

a. Introduction^ . Storage, handling, and use of the proper fuels and lubricants can affect the 
maintenance pro^>^ much as untrained operators and mechanics.' Fuels and lubricants (POL 
supplies) are ^requisitipned. through the supply system tjj^ational stock number (NSN), Like other ^ 
supplies, fuels , and lubricants witlj a specific NSN musc^eet military jgt)ecifications. Since supply 
personnel provicft POL supplies by NSN, operators and mechanics are concerned only with their 
proper storage, handling, and us;^. Containers for the fuels aod l<Jbric;ants will affect th^ NSN. 
For example, the NSN for an 18-gage 55-gal container of 30 weight oil \% not the same as that of a' V 
16-gage 55-gal container of 30 weight oil.^ Therefore, operators and mechanics must rely on \ 
symbols, appearance,, feel, and smell to identify fuels and lubricants'. 

. * ' ■ 

4 During landings, most supplies are moved across the beach and stored in supply dumps by 
shore party and bulk fuel personnel. ^ POL supplies are normally stored near the flank that is 
opi5osite to th<i ammunition Stoilage area. The POL suppl^ dump is usually marked by a large yellqjiv 
square panel with a black funnel shape in the center. (Note ; No smoking is allowed near the POL ^ ^ 
supplies at any location even if the NO SMOKING signs are not in place. ) At the equipment park ^ 
and in maintenance areas, the POL supplies are normally stored in soriie convenient place away 
from the parked equipment and maintenance shop. In all stoijjige areas, precautions are taken to 
prevent contamination by water, dust, and other debris and also to prevent fire hazards. The 
supplies are stored in shaded areas or covered where possible, and those supplies 1ft small contain- 
ers are stored upright and- tilted to prevent water seeping by the caps. Bulk storage tanks have 
drains to remove water caused by condensation or seepage. 
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POL nupplies come In sealed containers and It Is the responsibility of bperaxors and malnte*- 
nance men to keep them clean and use. them properly, Mo&t fuels and lubr\cant3 become contam- 
inated because they are transferred In dirty containers or the cont^Mr Is left open. Keep the 
service equipment such as fuel pumps, measuring cans/ aiid lubrl^^ftrs clean. Clean the handling 
and service equipment befoi^e using it and store It in a clean pla^e^^l^lose all x^ontalners when they 
are not being used. Remove water and dirt from the top of containers before opening. Use pumps 
which will not draw the container contents from the bottom; water usually set^hes to the bottom. 
When a faucet is used, tilt the container so that any water will t>e below the drain. Sdme containers 
are reusable; store and protect (hem to prevent contamination ana damage. /Fuels and lubricants 
should not be transferred from one container to another any more than is nehessary Thua don't" 
draw a five gallon container of fuel, use two gallons, and return the rest to/the original container; 
instead measure out the two gallons :^ou n^d and uiae it before it becomes contaminated. Each time 
a fuel or lubricant is handled or transferred it acciunulates foreign matter. 



The hardest job for the user of fuels and lubricants is to determine what .is in a container 
which has many numbers and letters, some of which do not correspond with the numbers shown 
on the lubrication instructions (LI) or In the technical manual (TM), ' Shipments marked by conr 
tractors will show the following information: NATO symbol (If applicable); product symbol; 
nomenclature; product specification; grade, type, or clasli; National stock number; fl^lng date; 
and other information,, Containers i^arked within a theatcr^ofoperation are marked as illustrated 
in fig 1-29. If the container is us^d for anything other than Its original contents it should be 
cleaned and remarked. ^ / ' 
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Fig 1-29, Can and drum markings within a theater of operatlorts. 



Fuels ajW lubricants are Issued In bulk quantities or In one of the standard size containers* 
Tfie standard size containers for oils are: 5 cc, 2 oz, 4 oz, 1 pt, 1 qt, 1 gal, and 55 gal. The 
standard size containers for greases are: plastic tube that will 'fit In a rifle butt, 8 oz, 1 lb, 5 
lb, 25 lb, 100 lb, and 400 lb. Figure 1-30 is a partial listing of the iuels and grease used for 
equipment maintenance showing the military specifications, grade or type, and the military 
symbol. v 



Description Specification 

Gasoline, Unleaded. , ,^ , . , . Fed VV-G-109 

Turbine Fuel, Aviation MIL-J-5624 

Fuel Oil, Diesel, . ^ ..... ^ . Fed W-F-800 

Grease, Aircraft 

High Temperatui^e . MIL-G-3545A 

Grease, Auton»tive.and 

Artillery, , i . MIL-G-10924B 

Grease, , Ordnance, 

Ej^treme Pressure. ....... 



Grade , 

62ASTM 
JP-ft 
DF-1 
DF-2 



Military 
qymbol 

62 

DF-1 
DF-2 

GH 
GAA 



Grease, Aircraft MIL-G-25760 

Lubricating OiU Engine . . . \ , MIL-L-2104 



MOLYKOTJB 
type G 



10 

30 
.50 



OE-10 
OE-.30 
OE-50, 



Fig 1^-30, Partial list of petroleum products sho^vin^ specifications, grade, 

and military symbol, 
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Lubricating Oil, Engine MIL-L-9000 



Lubricating Oil, Engine MIL-Lvl0295 

Lubricating Oil, Engihe MIL-l/- 45199 . 

Lubricating Oil, Gear MIL-4,-21oIb 

Lubricating Oil, Gear . \ . , , MIL-Lt^05 

Brake Fluid, Automotive • . . . • MIL-H-13910 
Brake Fluid, Automotive Fed W-H-910 

Fig 1-30— contd 



10 
20 
30 
50 

Blen^ded 



10 

30 

80 

-90 

140 

75 

80 



9110 
9170 
9250 
9500 

9250&9500 

OES 

HDO-10 

HDO-30 



GO- 75 
GO-80 
HBA 
HB 



b. Fuels. Mo«t fuels and lubricimts are derived from crude oil which is run through a di§- 
tillatlon or cracking process during refining. The different products are separ&ted an;i certain 
additives blended in to improve them. 

(1) Gasoline. Gasoline is on^ of the first products used in engineer equipment that is re- 
moved from crude oil. The same type of fuel that is used in the internaVcombustion 
engine of motor-tranaportrtype vehicles is used in the gasoline engine of engineer equip- 
ment.' It is blended with additives (tetraethyl lead) and is fo^e use in spark-ignition,, 
internal-combustion Engines only . Gasoline has such.poor lubricating qualities that when 
used alone it would do severe dan^age to the fuel system components of a compression 
ignition engine. Gasoline will also cause unsatisfactory operation in diesel engines 
because of the low flashpoint; gasoline requires very little heat to ignite as, compared 
to diesel «Uel. Gasoline also evaporates rapidly and the fumes are more dangerous 



than the fuel in its liquid state, 
rises. 



The rate of evaporation increases as the temperature 



Gasoline is issued in bulk, 55-gal drums or 5-gal cans. When gasoline is issued in 
55-gal drums, it is usually placed on a rack and drawn through a faucet. A 3/4-in. 
standard faucft will fit the small hole in the^top of a drum. If tlie quantity of^ gasoline 
used is sufficiently large, it will probably be pumped frojn the drums or delivered by 
taiUc truck. Safety regulations restrict the size of the container ^nd the amount of 
gasoline which* can be kept inside a maintenance shop to 5 gaUor less. During refining, 
gasoline is filtered and stored as clean as possible and precautions should be taken to 
keep it that way. Store it in an area that is a safe distance from other facilities and protect 
oline Is filtered and stored as clean as possible and precautions should be taken to keep 
it that way. Store it in an area that is a safe distance from other facilities and protect 
it from the weather and foreign matter if possible. Gasoline is lighter than water and oil 
and it will rise to the top in a short timfe if not disturbed. The gasoline can then be pump- 
ed or siphoned off or the water drained. 

Gasoline has a strong odor and is blended with dye for color. Although the color 
has no affect on quality, it does assist in determining the quality of fuel when there 
are no test instruments. As gasoline evaporates it loses some of its color and is not 
as clear. By checking the filling dat^ on the <iontainer, the color of the. contents, and 
the odor produced, an experienced mechanic c'an m^ake a fair judgment about the quality 
of the gasoline. ' 

Gasoline spreads and evaporates rapidly when spilled. If spilled or splashed on the 
skin, it will cause the skin to feel cool and dry as it evaporates. Clean dry skin has & 
silky feeling when rubbed, but gasoiine will remove the body oils and dause a dry rough 
feeling. Continuous applications of gasoline on the skin may cause a tingling sensation > 
or irritation. It is possible to receive lead poisoning as a result of gasoline entering 
the blood stream. ^ 
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<2) PAiasel fyiel. The second product Used in Engineer equipment and refined from crude oil 
Jaollesel fuel. It is also produced by distillation and cracking and is filtered and blend- 
ed with additives/ It is produced in several different grades, but the Marine Corpa 
uses grade No« 2 in most of its engineer equipment diesel engines. The fueld u^ed 
meet the specifications recommended by the manufacturer of the engine who^akes into 
conisldergtion the volatility, cl,eanllneBS, visgosity, ignition quality, and antiknock qual- 
ity of the IXiel. Diesel fuel is less volatile than gaaoline. This nteans that it doe^ not 
change from a liquid to a gas as rapidly as gasoline. It is also more vispoua (more 
resistant to flow) than gasoline^ It has some lubricative qualities, but the higher 
y viscosity helps hold some of the -foreign matter such aa sulftir and water during the re- 
fining process. All of the foreign matter cannot be removetl* The lighter fuel (grade 
No. 1) is leag viscous than the heavy fuel (grade No. 3). One qt the requirements for 
a desirable diesel fuel is that it be light enough to flow freely, but heavy enough to 
lubricate the injection system components. 

The ignition quality of diesel fuel is its readiness to ignite and the ease with whiph 
" it ignites after it is injected into tjie compressed air. The ignition quality is measured 
by the cetane rating^ which is obtained by comparing diesel fuel with a reference 
mixture (which is difficult to ignite) and with cetane. Cetane is .added to the reference 
mixture until It wlU Ignite the same as the diesel fuel in a test engine; rating 
indicates the percentage of cetane required in the reference mixture, not hie diesel 
lUfll. The lower the cetane number, the harder the fuel Is to lgnite#^ad(i[UoVi lo . 
' th^betane rating, flashpoint and firepoint affect the^ fuel's ignition ^d antiknock 
qualities. The flashpoint is the temperature to which the fuel vapor must be heated 
to Ignite. The fire point is that temperature at which the fuel vapor will continue to 
burn. The fire point is usually 50^ to 120^ higher than the flashpoint, A light fuel 
has a lower flashpoint than a heavy fuel. 

Diesel fue\ is usually supplied in the b(ft%or 55-gal drums. A hose or apout can 

• be attached to a drum and the contents poured into the equipment tank or the fuel can 
be pumped from an upright drum. Like othefsfuels, diesel fuel must be protected to 
prevent further^ contamination. Use clean equipment for transferring and keep the 
containers closed wften not in use. ' /x 

The odor of diesel fuel is not as pronounced as gasoline. It has dye addfd which 
does not affect its qualities and it contains some wax elements which will freeze in 
extremely cold climates. Diesel fuel spreads and evaporates slowly when spilled and 
leaves an oily spot when evaporated, Diesel fuel feels oily when rubbed between the » 
fingers. It is lighter than water and will rise above the Water if a mixture of the two 
is allowed to settle undistorbeddL 

c. The theory of lubrication is that a layer of oil prevents the surfaces of two parts 
frpm making contact and creating friction. A layer of oil will split into layers of molecules. 
The lighter the viscosity of the oil. the smaller the molecules. The operating clearance 
between the parts will determine what viscosity will provide the best lubrication. Figure 
1-pi illustrates the *five molecule layer theory. The outside layers adhere to the parts 
and the inner layers act as bearings to reduce friction. The principle -of oil film and wedge 
theory Is applied for shafts and bearingd. Figure 1-32 illustrates the effects of oil viscosity 
when used on a shaft. ' ^ . * ^ 



bearing* to reduce fH'^.tion. The principle of oil film and wedge theory is applied for shafts 
pnd beariygfe. Figure 1-3? illyetrates the effects of oil viscosity when used on a shaft. 




loiiworjiaurttT 

LUMICANT 



\ 

^ig 1-31. Oil molecule layer theoY-y. 
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If -the oil is too heavy for the bearing 
clearance, it caq' t get in. If the oil 
is too light for tfie bearing load, it can't 
support it. If the oil is correct for both • ^ 
, clearance and load, the bearing is ^^LCl£Uierly 
^ lubricated. ' " 

Fig 1-32, Oil film and wedge theory. ♦ 

The SAE (Society of Automotive Engineers) has standardized specifications and references 
for the viscosity of oils. SAE niynbers in multiples of 10 (such as 10, 20, and 30) are used 
to denote viscosity. The lighter the oil, the low^ the number. - The vlscpsity of the lubricant 
\a very important for proper^bricatioh. To meet SAE standarcjs and to provide proper lu- 
brication, man^jfacturers blencl the filtered and stored oils to obtain the correct viscosity. 
They also consider the effects of tehiperaUire change and put in ad^ditives to combat this and 
other undesirable effects. For example. "10 W" m.eans thai oil andadditives have beep blend- 
ed to obtain an SAE la vis90sity oU^hat i^ winterized to allow easier starting. Depending 
on the intended pse. oils arelbjended with additives which will cornbat viscosity changes, heat 
seizures, oxldatiop, corrosion, tars and varnishes, as well as suspend Inipurities- During 
the mixing^ distilling, and blending, the oil manufacturers produce a lubricant that will meet 
^rigid ppeclfications; The foaming tendencies are controlled, acid content reduced, gums and 
resins eliminatfl|^ and all harmful factors reduced before the product , is packaged. 

The oils are supplied in any of the standard size containers. For engineer J?quipment use, 
most oila are furnished in 5- and SS-gal' containers. The oil may be any color depending oii 
the type of additives, but new oil Mil be clear^^ Oil that is tlot .clear indicat<*s oxidation, dirt, 
oi; other contamination. Water globules can be seen and foreign naatter will cause It to feel 
gritty. C^ontaminated oil should not be used aai it.can result in serious damage to the equipment. 

. Grea\ie is' Oii suspended in soap; the Aai> acts as a sponge to hold the oUs in the desired lo- 
cation. The type of soaps used are selected for certain qualities. Some are soft and water- 
soluble and others are hard and waterproof. Greases also contain additives to reduce undesir- 
able effects and improve their lubrlcating^ualitles. Synthetic (nonpetroleum products) lubri- 
cants represent about 20% of the total lubricants consumed. Some synthetic lubricants are 
added to the petroleum products to irrtprove their desired qualities. 

SoTn« forms of contaVninaticjjHn greases are hard to detec: extra precautions must be 
>aken to prevent their use., Ke.ep^he container covers tightly closed and use clean equipment 
to reduce the possibility of contaminating the grease. * 



1-16, YOUR RESPONSIBILITY FOR LUBRICATION. 

a. To give good service, automotive and construction equipment must be properly lubricated. 
LulJVlcatlon requlrefnents for construction equipment are usually gaged according to houw of 
operation which are lAdlc»ted by an hourmeter . Each engine-driven piece of construction eqnip- 
ment is usually fitted with thli device. Hourmetere register operating or clock hours, de- 
pending on whether they are g^ar-drlven or electric^il. , 

b. Befor^ you stftrt to perform a partlcu^r hourly lubrication service, check the Tl^lljd 
lubrication ln«tructlons. Make sure you know which fittings require lubrlcatlop, and the type 
and amount pf fubrlcation to be used. All grease fittings mfist be wiped clean before you apply \ 
the lubricant. If fittings are not cleaned, aartd and dirt may be forced into the bearlng surface, 
causing scorljig an4 extensive damage. Take care not to overlubrlcate fittings which are located 
near clutch and brake surfaces or which are connected/fo surfaces protected by seals. Blown 
selals, requiring prolonged deadllnlng of equipment, are generally caused by ovorlubricatlon, 

c. After lubrication, wipe any excess grease off the fitting. This will* help to keep dufit 
and dirt from collecting on the fitting. Be sure to wipe up*any grease or oil which may be 
spilled od the surface of the equipment. This is a safety hazard. Keep your equlptyient as clean 
as possible. " ' v> 

1-11. SUMMARY ^ , ^ ^ 

Tl^e airstrip that Is not completed in time, the landing that falls due to congestion on the 
beach, or the 105 -mm howitzer that is hit by Incoming counterbattery fire costs the lives of 
your fellow MaMnes and ^^duces the overall combat effectiveness of the Marine Corps. You 
and your equilpment play a vital role as part of the Marine Corps team. You and your first 
echelon maiiAenance services are the foundation for the entire system. How well you perform 
these services determines how well the Marine Corps can meet its worldwide commitments i 
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ENGINEER -EQUIPMENT OPERATOR ^ 

Introduction to MOS 1345 
* * 

STUDY ASSIGNMENT: Informstion For MCI Students. 

Course Introduction. 

MCI IS. 31h^ Engineer Equlptnent Operator, chap 1. 

LESSON OBJECTIVE: Upon succeaHful completion of this lesson you will be able to identify, 

' by general nomenclature, tractors, scr^perB, rollers, air compressors 

and materials -handling equipment. You will also be able to' identify 
the publications, records and forms required to inspect,, operate and 
perform preventive maintenance on this equipment. In addition, you 
• • will be abbs to .recognize the fuels and lubricants used to service and 

^ - ^ ^ maintain it, 

WRITTEN ASSIGNMENT 

. • ^ 
A, ^'••Xlultiple Choice: Select the OIJE answer which EfEST completes the statement or anSM^ers 
the question, Afl^r the corresponding number on the answer sheet, blacken the appropriate 
box. 

Value: 1 point each 

1. During World War II, engineer regiments were composed of what type battalions ? ^ 

a. Engineer, shorfe party, and service 

b. Pioneer, Seabee; and service 

c. Pioneer, engineer, and Seabee , ^ 
,d. Service, Shore party, #nd Seabee ^ ' ^ ^ 

^ 2. What is the military occupational specialty number of an engineer equipment operator? 



a. 1341 

b, 1345 



c. 1349 

d. 1381 



3, An engineer equipment operator becomes an engineer equi^>ment chief whejri proihoted 
to th^rank o^^ < 



a. Cpl. 

b. SSgt. 



c. GySgt. 
a. MGySgt.' 



Which tractor used by the Marine Corps is powered by a 2-stroke cycle, e-cylinder 
dies^l engine? ^ 



a. 72-31 MP Terex 
b: MRS-100 



c. Case MC 1150 ecooploac^er 

d. 82-30M 



Which of the full-tracked tractors currently in use in the Maripe Corps is equipped 
with a 4-8troke-cycle, 4-cylinder diesel engine? 

^ • ' . - 

a. Terex 82-30M c. MRS-I-10^ . - . 

b. Case MC 11*50 ' ' Ca€<fg;MC49^ , * 
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6. The full-tracked tractor currently in use in the Marine Corps which can be urfed as a 
pawerlilt doxer is called the 



a. Case MC 1150 

b. Terex 82-30M 



C. Case MC 450 
d. Case MC 580 



7. Which of the following tractors has the capability of being sectionallzed for helicopter 
transport? 



a. MRS-I-100 

b. Case MC 450 



c, 82-30M > 

d. MRS- 100 



8. Which of the following tractors Is equipped with an 8-cyllnder dlesel engine? 



a. MC 580 

b. 82-30M 



c. MRS-M06 

d. MRS- 100 



9. Which of ^the following tracftors can be equipped with a loader, backhoe, and drill 
attachment? * . . ' 



a. 72-31MP 

b. lyiC 580 



c, MC 450 

d. MRS-Hfc 



10. Which scraper is designed to be sectionallzed for transporting by helicopter? 



a> 4S-85 
b. H-82 



c. 105 SM71 

d. B<170A 



11. Which model scr&pel- Is used In conjunction with the MRS-I-100 tractor? 



a. H-82 ' 

b. 105 SM71 



c. 4S-85 

d. B-170A, 



12. What Is the Identifying feature of the sheepsfoot rollei^^ 

a. Two smooth metal drums 

b. Two. hollow metal drums with protruding feet 

c. " Two*" open-mesh drums " • " 

d. Two rows of thick tread tires 



13. ^^Whlch roller is self-prOpelled ? 

a. 5 to 8-ton tandem roller 

b. Sheepsfoot roller 

14. Which rough -terrain forkllft Is designed to lift materls^ls to a height of 68'lnche8? 



c. Pneumatlc-tlred (wobble-wheel) roller 

d. Grid roller 



a. OS-;3354 

b. MC 4000 



c. FKF-060 

d. 72-31MP 



15. Which Item of etjulpment wn be used to han^ile either bulk or pallfetlzed materials? 



a. RKF 060 

b, ^MRS-100 



c, 82-30M 

d. 72-31MP 



16. What 1^ the papacUy in cfm of the Dayey rotary air compressor? 



a. 126 

b. 250" 
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17. On the Worthlngton air compressor, what device is designed to assure rapid warmup of 
the unit,? 



a. Friction-di«k clutch e. Thernmostatic bypass valve 

b. The^^moswitch assenibly - 

18. How tnany categories are there within the Marine Corps maintenance system? 



a* 3 c. 9 

b. 4 f . ' • d. 6j 



19. How many echelona are there within the Marine Corps njaintefiance system? 

a. 3 c. 5 , * 

b. 4 d.« 6 

20. - (which organization has a 3d echelon maintenance capability? 

♦ ^ 

a. Engineer battalion c. Landing Support battalion ^ 

b. Force engineer letter company d. Force 'Service Support Group , ^ 

' \ *■ . 

21. What echelons of maintenance make up the organixatlonal maintenance category? 

' ■* » 

t 

a. 1st and 2d ' ' ^c. 3d and 4th 

b. 2d and 3d - d. 4th and 5th 

22. Who is responsible for performing 1st echelon maintenance service^? 

a. Unit mechanics ' c. Bljuipment operator 

Equipment chief d. Equipment officer 

.23. Who is the hnost Important person in the accomplishment of proper preventive maintenance? 

a. Dispatcher c. Maintenance chief 

b. Equipment operator . d. Unit-^mechanic' 

24. Which echelon of m^aintenance performs major overhauls or complete rebuild? ^ 

a. 2d c. 4th 

b. 3d ^ ' ' d. 5th - 

25, Who is responsible for performing 2d echelon maintenance? 

a. Dispatcher ' . c. Equipment oper^or 

b. Unit mechanics - ^ d. Equipment chief ' 

26, What category of maintenance consists of a single echelon? ^ ' ^ ^ 

a. Organizational / ^ / c. Depot 

b. Intermediate 

27. Performing daily servi^^i^p scheduled lubrication berv|ces. and assisting with quarterly 
services are responaibilities of the . " - 

a. unit mechanic. c. equipment foreman. 

b. dispatcher. * ^ / ^» equipment offerator. 
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28. Who performs quarterly '"Q" services? * 

a. Unit mechanic, assisted by the dlspaitcher 

b!. Operator, assisted by the unit mechanic 

c Unit nnechantc, assisted by the operator |,^*f 

d. Equlpi^ent foreman, assisted by the operatpr ^ ^ ^ 

i9. What (^Jrm la the operator's authorization for the use of engineer equipment? 

a. NAVMC 10523 c. Standard Form 46 

b. NAVMC 10293 . - d. Standard Form 91 

30. What form lists the equipment that an operat6r Is qualified to operate? 

o 

r 

a. Standard Form 46 , . c NAVMC 10623 

b. Standard Form Ol . d.' NAVMC 10524 

31. Who Is responsible for performing lubrication "L" services? 

a. Dlflpuftcher c. Mechanic 

^b. -OperatoKj - d* Equipment ci>lef 

32. A duplicate of what fornTi serves as the operational authority and maintenance log for 
stationary Tequipm en t which remains at a project site? 

*^ 

N a. Standard Form 46 c. Standard Form 91 

b. WAVMG 10523 d. NAVMC 10524 

33. Dally preventive maintenance performed in accordance with tl|f4 checklist on the back 
of the Engineer Equipment Operational Record and Information in the TM, is Icnown as 
service. ^ . 

a. '"L" ' , c. "A"' 

b. "Q" d. •'b" « . 

34. What, form Is used for scheduling lubrication 'Vl'^* services? 

a. NAVMC 10562 - cf NAVMC 10524 

b. NAVMC 10245 d. Standard Form 91 

35. If a lubrication service Is entered on the Engineer Equipment Operationcd Record when 
shoiild the service be performed ? - " » 

a. . Before the equipment leaveSt the equlpmei^^pool. 
' b. After the equipment returns to the equipment pool. 

c. At*the convenience of the operator. 

d. After the equipment reaches the job site. / - 

36. Which publication should be-ilsed as a primary source of lubrication Information for 
. engineer e^uiprnent? ' • ' 

a. LI c, TI 

b. TM ' d. LO 

37. If a lubric^on point is assigned both a calendar and an operating time interval, when 
should that point be serviced? ^ 

a. Upon expiration of the calendar Interval. 

b. Upon expiration of the operating time. ^ 

c. Upon expiration of the clock time, 

d. When either the calender or op^erating time interval has expired. 
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38. 



39. 



The operator's report of piotor- vehicle accident. Standard form 91. is to be completed 
by the operator v , ' 



a. only If him vehicle le jierlou«ly d8^ma|[ed. ^ 

b» only if the jbther vehicle involved is seriously damaged. 

c. only if serious ^jury occurs* r \ 

d. regardless of the extent of damaife or injury. . * 

Who is responsible for scheduling lubrication services on equipment attached to a deployed 
unit? * / * 



y. 



a. Dispatcher 

b. Platoon sergeant 



c. Operator 

d. Platoon commander 



40. Information concerning the repair pai^s required for maintenance and support of equipment 
» . would be found in the " ' ^ 



a. SL-3. 

b. SL-4. 



c. MI. 
a. TI. ' 



4U The item designator consists of a<an) 



42. 



1 

a. 4-digit federal supply classification 

b. 5-dlgit ID 



number followed by a letter. 



c. SJSIC 
-d. 5-digit FSN 



Which type of publication will provide you with a list of the special tools Vequlr^for a part- 
icular piece of equipment? < 



44. 



45. 



a. TI 

b. -SC 



c. SL'3 

d. SL-4 



43. Additional equipment safety prefcautions would be published as^ a(an) 



a. LI. 

b. TL 



c. ML 

d. JSL 



The thlri element of a technical publication number is the 



a. type letter. 

b^ sequence number.^ 



c. basic number. 

d. maintenance echelon number. 



What type of publication sets forth authentic and uniform Instructions .to correct weaknesses In 
equipment design? 



a. LI 

b. MI 



c. SL-5 

d. TI 



46. The letter ofihe alphabet following a 5-digit ID number identified ^e 



a. type of publication. 

b. sequence of the pulE>}ication. 




c. particular model of the basic equipment. 

d. supply classification code. 

9 



47. " Which echelons of maintenance are covered by the maJfttMbnce ecl;ieion indicator 15? 



a. 1st through 3d 

b. 2d throu^ 4th 



c« 1st apd 5fh 

d. Ist.through* 5th'' 
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50. 



What Is the military ^ymbol for high^ternperature llrease \slKh MIL-G-3545A specification?, 



48. IVloat Marine Corp^,T^chnicarpiibllcation8 come under the publication system, 

a, jingle-unit c, multiple-unit 

b>^oulJle-unit . ^ ^» sequence-number \ 

' % - 

49. POL containers that are storccTupright should be tilted to 

a. prevent water seeping by caps. « c. prevent fuel from leaking. 

b. allow water to settle. y d. prevent stacking containers. 

^ ^4KhlW 
\ m 

a. Go . / 

b. ^ 

51. The ignition and antiknock qualities of a diesel frfl are affected by 

^. a. its cetane rating. ^* its Jow viscosity. \^ 

b. its octane rating. t-^^*^ ' . d. if qjij^/6latility. 

52. If the Case MC 1150 scooploader requires a grade dU^l with a i4IL-L-2104, v^iiat military 
symbol shouldo^ou look for on the container? • 

a. DF-2 / ^ - . c. OE-;30 . ^ 

b. OES / • d. 9250 ^ 




J 
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, Chapter 2 
POWER FLOW 
Section I. TSNGINES 



2-1, ENGINE PRINCIPLES 



y a. 
tibni 



Engine construction . The first step in lindfersta^ndlng'^ngine cons^ction and opera- 
is to know what gftes on inside an engine (!tytlider. No matter how rffany cylinders an engine 
whether 1, 2, 6, or 12, same actions take^place in eacji cylinder. Since the dlesWl 
engine is mechanically similarjfo the ga^aoline engine, we can learn about engine constructiois 
and operation by studying a Wrtjjle-cylinder engine. This is a 4-8troke'cycle, Intemal-combxlstion, 
gasoline engine. 

Jl) Cyjinder and piston (fig 2-1). In the cutaway of a single-cylinder gaspline engine^ the 

upper, j^r head end of the cylinder Is closed by a cylind^ head, but the lower end is open. 
The piston is a hollow metal tube with the top end closed. It has a close -sliding fit In • 
the cylinder, which means it^can move up and down. This up-an<J'down movement, 
produced by the burning of fuel In the cylinder, provides engine power. 

• - /T 



HCAD 




? 



Fig 2-1. Single-cylinder, 4-stroke-j>3ro4e, gasoline engine 
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<2> Conwctlng rod tnd crank (fig 2-2). The up-and-down movement of the piatoA is called 
reciprocating motion. Thia reciprocating motion muat be changed to rotary motion ao 
the wlM^ela of the vehicle can be made to turn. The change ia accompliahed by a crapk 
on the crankahaft and a connecting rod which conneota the piaton to the crank. Th/ff con- 
necting rod ia connected to the piaton by a piaton pin which paaaea through bearing aur- 
facea in the piaton and the connecting rod. Tlf^^ower end of the connecting rod ia bolted 
to the crankpin on the crankahaft. Am tJje piatoii movea up and down in the cylinder, the 
upper end of the connecting rod movea Xrith it. The lower end of the connecting rod alec 
movea up and down, but becauae it ia attached to the crankahaft, it muat also move in a 
circle with the crankpin. Each movement of the piaton from top to bottom or from bot- ^ 
torn to top ia called a atroke. The piaton takes two atrokea as the orankahaft makea one 
complete revolution, an upatroke and a downatroke. When the piaton ia at the top of a 
atroke, it ia aaid to be at top dead center (TDC). When it ia at the bottom of a stroke, 
it Is aaid to be at bottom dead center (BDC). Theae are called rock positions. 




Fig 2-2. Cylinder, piston, connecting rod, and 
crankshaft for a simple one-cylinder engine. 

ValX£i- There are two valvea at the top of the cylinder. A valve is an accurately 
machined plug that fita into a machined opening at the top of the cylinder. When the 
valve is resting in this openings it is said to be aeated. When a valve ia aeated/ it ia 
closed and the opening ia aealed off. When a valv^ is pushed off ita aeat, it ia opened. 
The two valves in the cylinder are cloaed part of the time and open part of the time. 
Onf of the valvea. called the intake valve, opena to admit a mixture of fuel and air into 
the cylinder. The other valve, called the exhauat valve^ opena to allow the eacape of 
burned gaaea. . * 

(4) Valve mechanism action . There are varioua waya of cauaing the intidie and exhauat 

valvea to open and cloae. One method ia ahown in figure 2*1. Here, a gear on the crank- 
ahaft ia in meah with a aecond gear on another ahaft called the camahaft. The camshaft 
has a number of cams on it which are aimply raiaed aectiona, or collara with high apota 
on them. , When the camahaft rotatea, the high spots (called lobes) move and puah away 
anything they are iii contact wjth. Hiding on each cam ia a cylindrical valve tappet. Am 
the lobe moveS^p under the valve tappet, the tappet ia raiaed. Thia upward movement 
cauaea the valve above it to be raiaed off itp aeat. When the lobe on the cam movea on 
around out of thf way* the preaaure of the apring under the valve fotcea the yalve to - 
move down and reaeat. At the aame time, the valve tappet la also forced downward ao 
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that It remalnB In contact with the cam. The gear on the camshaft Is twice as large as 
the crankshaft gear which mean* the camshaft will turn half as fast as the crankshaft. 
In other words, the crankshaft must turn twice for the camshaft to turn once. Thus, the 
valves are opened only once every two crankshaft revolutions. 



(5) E\ 

•yp 



nglne accessory systems . A discussion of accessory systems can begin with the fuel 
FstenT Irhe fuel system contains the carburetor which supplies vaporlzld fuel to the 
air passing into the engine cylinder on the Intake stroke. Another accessory system is 
the ignition system which ignites the compressed fuel-air mixture in the cylinder of gaso- 
line engines at the end of the compression stroke, A third accessory system is the lubri- 
cation system; this supplies lubricating oil to the various moving parts in the engine. 
The oil lubricates all parts such as the piston, bearings, crankpln, and valve stems, that 
rotate or slide in or on other parts. This oil permits the parts to move easily so that 
little power is lost and engine wear is kept to a minimum. A fourth system is the cooling 
system which circulates water through jackets around the cylinder aiid in the cylinder 
head. This water removes part of the heat produced during combustion and prevents the 
engine from overheating^yrf detailed explanation will be given later in the chapter. 

b. QasoUne engines. To produce sustained power, an engine must accomplish a definite 
series of operations c^or a^d over. This ser; s of events is called a cycle. The cycle of an 
engine is designated by the number of strokes in a cycle: either 2 strokes, or 4 strokes. Moit 

gasoline engines used by the Marine Corps are the 4-stroke-cycle type. Let us see what happens 
in a 1 -cylinder gasplin^ engine during one complete cycle. 

(1) Four-stroke cycle in sequence (fig 2-3). 

(a) Intake stroke . When you turn the ignition kiey, you throw a switch which connects the 
battery to the ignition system. Pushing the starter button or turning the ignition key 
still farther causes the starter to turn the flywheel and crankshaft which are linked 
to the piston by the connecting rod. The movement of the crankshaft causes the piston 
to move up or down, depending on Its position. On the intake stroke, as the piston 
moves down, a vacuum is created in the cylinder, the Intake valve opens, and air 
rushes in. This air enters the cylinder by passing through the carburetor and pick- 
ing up and vaporizing a spray of gasoline which enters the intake manifold. As the 
crankshaft continues to rotate, the piston moves down and the air-gas mixture fills the 
cylinder. At the bottom of the Intake stroke, the Intake valve is closed. When the 
piston reaches BDC, both the exhaust valve and the Intake valve are closed. 

<b) Compression stroke . As the crankshaft continues to rotate, the piston begins to rise, 
and the compression stroke begins. As the piston rises, the mixture of air arid gaso- 
line vapor cannot escape since both valves are closed. The mixture is therefore com- 
pressed in the space at the top of the cylinder, nriaklng it still more combustible. Com- 
pression^i^iuses the air-fuel mixture to move around in the cylinder; providing better 
mixing. As air is compressed, it createiS heat which also aids in mixing and prepares 
the mixture for tgnltlng. - Just before the piston reaches TDOat the end of the compres- 
sion stroke, a charge of electricity is deliverfsd to the spark plug. This electricity 
jumps across the gap between the spark plug electrodes. The spark of electricity ig- 
nites the compressed gas-air mixturfe which burns rapidly and builds up tremendous 
pressures. 

(c) Power stroke . The great pressure in the cylinder forces the piston, which is at *rDC, 
to start down. This is the beginning of the power stroke. The force (or thrust) of the 
piston is carried from the piston by the connecting rod to the crankshaft, which turns 
the flywheel. As the piston approaches BDC, the exhaust valve is opened. Part of the 
burned gases are forced out of the exhaust valve opening by the pressure still remain- 
ing in the cylinder, 

<d) Exhaust stroke . I'he piston moves past BDC and begins to rise, forcing the remain- 
ing burned gases out the open exhaust valve on the exhaust stroke. The exhaust valve 
^ ^ closes when the piston reaches TDC and the cycle is completed. The four strokes 

(intake/ compression, power, ahd exhaust) ar<^ continuously repeated as the engine 
runs. These four strokes take place very rapidly; the greaterple speed of th* engine, 
^the more rapid the strokes. " 

- ' \ •• 
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(3) 
POWER . 

Fig 2-3, Fouf-«troke cycle in a 0toiaoline engine. 



t4) 
EXHAUST 



(2) Two-atroke cycle. Am previoualy mentioned, the 2-atroke^«ycle gasoline engine ia not 
aa common aa the 4-atroke'^cycle engine. In the 2-cycle engi(t%«the entire series of 
eventa (intake, compression, power, and exhaust) takea plaqe inVatrokes of the piston. 
Intake and exhaust ports are cut into the cylinder wall rather than being placed at the , 
tc(^"orthe combuation chamber^ in a 4-cycle engine. As the piston moves down on the 
^ypower stroke, it first uncovers the exhaust port to let burned gases escape and then, 
uncovers the intake port to aUow a new fuel-air mixture to enter the combustion 
chamber. On the upward stroke, the piston covers both ports and compresses the new 
mixture m preparation for ignition and another power (down) stroke . Every down stroke 
in a 2-cycle engine fs a power stroke: 



(3) 



Comparisoii of 2«oycle and 4*cycle engines. It might appear that a S^-cycle engine could 
produce twice as much horsepdwer as a 4-cycle engine of the same sice, opei'ating at the 
aame apeed. However, thia ia not the qase. In order to acavengc^ the burned gases at 
the end of the powiut stroke and during the time both the intake and exhaubt porta are 
open, the freah fu^air mixture rushes.into and through the cylindei^ A portion of the 
freah fuel-air mixture mixes with the burned gap^a and ia carried out through the 
exhauat port. Alao, due to the much shorter'period the intake port -is open (compared 



to the period the Intake valve In a 4-cycle engine la ppen), a amaller amount of fuel-air 
mixture la admitted. Hence, with leaa fuel-air mixture, leaa power per power stroke 
Is produced as compared to a f Imllar 4-cycle engine. To increase the amount of fuel- 
air mixture, auxiliary device's (blowers or air pumps) are used on 2*cycle engines. 

Piesel engine . 

1) Comparlsort of dlesel engine to gasoline engines . ^The dieset engine is mechanically 
similar to the gasoline engine, but is soAiewhat heavier. Both entlnes utilise air- fuel, 
compression, and ignition. Intake, compression, ignition, power* and exhaust occur in the 
same sequence; arrimgements of pistons, connecting rode, and crankshafts are similar. 
Both are internal-combustion engines which use either a 2- or a 4-stroke cycle. They 
mklnly differ in the way that fuel is delivered to the engine cylinders, and in the way 
thkt the air-fuel mixture is ignited. You will recall that in a gasoline engine the air 
snd gasoline are mixed together in the carburetor; the vaporliedl mixture enters the 
cylinder through the Intake manifold. The mixture is Ignited by a charge of electricity 
across the gap in the spark plugs* As we shall see, the diesel uses neither a carburetor 
nor spark plugs; pnly air is drawn into the cylinder through the intake valve and manifold. 
On the compressloa Stroke, the air is compressed to an extremely high pressure, and the 
temperature in the cylinder rises. At the proper Instant, dieiel fuel is Injected into th^ 
cylinder by a fuel injection system, which usually consists of a pump^^el lines, and an 
injector or notxle. The high temperature of the compreased air in the cylinder ignites the fuel. 



<2) Four-stroke cycle <flg 2-4). 

<a) Intake stroke . With the engine turning over, the pleton ie moving down and the Jntake 
valve is open. Instead of a mixture of air and gasoline entering the cylinder <as was 
the case in a gasoline englM), only air is entering. When the piston reaches BDC. 
the intake valve closes, and the piston starts up. 

<b) Compression stroke . As the piston nooves up, the air is compressed to as little as 

. 1/16 of its original volume. DjU^UMf compression, the temperature of the air rises to 
^ about 1, OOO* F. Shortly before'^th^piston reaches the top of the stroke, the correct 
yl amount of fuel is ii^cted into the cylinder. When the dlesel fuel is injected into the 
^ cylinder, it has alm^y been broken up into very fine particles by the nossle of the y 
fuel injector. It ignites when it comes in contact with the heated air in the cylinder. 

(c) Power stroke. As with the gasoline engine, tlie expanding, burning gases put 

pressure on the piston and force it down on the power stroke. Though it burns more 
slowly than the air-fuel mixture in a gasoline engine, the dlesel fuel develops more 
thrust and power within the cylinder. As the piston approaches the bottom of the 
power stroke, the exhaust valve is opened and part of the burned gasei escape. ^ 



<d) Exhaust stroke . As the crankshaft continues to turn, the piston moves up in the 
cylinder forcing out the remaining exhaust gases. When the piston approaches the 
top of its stroke, the exhaust valve is closed, and the Intake valve is opened. Then 
the entire cycle begins again. 
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:* Fig 2-4. 4-8troke-cycle diesel engine. ^ 

) ^ ^wQ~8ti"oke cycle . Two-stroke-cycle diesel engines are more widely used th&n the 
2 cycle gasoline engines mentipned previously. One of the more common types that 
you Will come in contact with is the 2-Gycle Detroit diesel engine, t<et us examine the - 
operation of th^ typical 2*-cycle, valve-in-head (overhead) engine,.^ This engine us'es a 
rotary blower to supply air, at a low pressure of 5-7 pei (pounds per square inch) to an 
air chamber surrounding the 'cylinders (fig 2-5). The cylinder walls contain a row of 
holes, or ports, which are above the piston when it is at the bottom 6f its stroke, T^ese 
inlet ports admit s^ir from the blower into the cylinder as soon as th^ piston uncovers the 
^ ports near the bottom of its stroke. Although there are two valves in the cylinder head, * 
as in a 4-cycle engine, both are exhaust valves. The flow of air from the inlet ports in 
the bottom of cylinder toward the exhaust valves in the top (unidirectional) produce© a 
scavenging^^ffect, leaving the cyllfideriS full of qlean air when the piston again covers 
the inlet ports. 



(a)' 



Scavenging. Figure 2-6a shows the piston at the^bottom of its stroke with the inlet 
porta uncovercfd and the exhaust valves open. The blower is forcing fi'e eh air intqij 
the bottom of the cylinder, and this air is forcing the exhaust gases out through ih 
exhaust" valves in the cylinder head. As the piston continues its upward ||QO^vem<^i^ 
the inlet ports are covered tkfyd then the exhaust valves close. Comj^ression begins. 



(b) Col^r^spion . The compression phase of the upward stroke of a 2-cycle diesel 

engine raises the fresff air charge to the high temperatures required foj^ignition of 
the fuel (fig^2-6b). Shortly before the piston reaches TDC, the required amount of 
^uel is sprayed into the combustion space by the unit injector.. The intense heat 
generated during the high compression of the air ignites the fine fuel spray immedi- 
ately. ' ^ 



Air box 4^ . 1 " 4, 

Inlet ports ' 5. 
Cyli^er block hand hole cover 6. 



Exhaust manifold 7. 
Exhaust valve rocker arm 8. 
Push rod . . 9* 



, Exhaust valve 
Camsh'iift 
.Blower housing 



Fig 2-5. "TEngine air Intake .system. ^ 

(c) Power , Burning and expansion take place Just as they did in the 4 -cycle engine; and 
^ the resulting pressure forces the pistqp down on its f>ower stroke (fig 2-6c). 



(d) ' Exhaust s When the^ piston is about halfw^)^own, the exhaustValv^s are opened again, 
allowing the burned gases tcy^ape into vwsxhaust manifold (fig 2-6d). Shortly ; ' 
thereafter, the downward mpv^ment of the^pton uncovc/Vs the inlet jpoiHs and'fresh 
air is again blown into the Jylixioer. Just as before, this helps to f<(t the exhaust 
gfises out, or scavenges thl^m; it\i\so fills the cylinder with freab air. This entire^ 
. combustion cycle is completed In each cylinder^ifor each revolution of the crankshaft^ 
or, in other words, in '2 strok^A; hence the 2-8.troke cycle. 






Flf 2-6a. Sc»v«nflng phM* of 
upward dtroke of etif im piston. 




Flf 2-6c. Poweir phiuie of 
downward atroka of enflne pfaton. 



Fig 2*6b. Compraflflion phaaa of 
upward stroke of engine piaton. 




. Fig 2-6d. ^zhauat phaaa of 
downward itroka of ^i^ina piaton. 



d. Filtering devicag» The proper operation of an' engine depends on the air/ fuel, ^and oil 
being free of an^ particles thai will clog, raatrict, or cauee excessive wear on the parts. Manu 
facturers require that strainers, filtera^ and cleaners be used in the engine syatema to remove 
any ob)«ctional materials In order to increaae engine life. 



(2) 



(3) 



Fuel strain 
7) hav 



8. 



_ l^st fuel strainers (see 
a rei^o^ble elemeixt which 



fig 2 

should be cleaned at regular intervals; 
Thl* element consists of either close- 
fitting disks or some other material^'. 
The element sho\|ld,be handled carefully 
SQ as not to damage it. The strainer 
should be drained and the element te- 
movfid and washed care^^lly in CLEAN 
solvent or fuel oil. For specific direc- 
tions for the removal and cleaning of the 
strainer element, consult the manufac- 
turer's manual or TM for your piece of 
equipment. 




Fig 2-7. Fuel jBtralner. 



Fuel-oil filters . In addition to^the metal strainer mentioned above, most diesel-fuel ^ 
systems also contain a filter to remove aiiy remaining small particles of dirt that might 
clog the injectors. Fuel-oil filters are mjiiiufactujed in various models by a number of 
manufacturers. All fuel entering the injectors first passes through the filter elements.* 
The filter elements are made of cotton fiber ^or mji^pral wool and glass cloyi. After 
continued use, these filters will become packed with ^irt filtered from the fuel, and the 
flow Qf fuel to the engine will be reduced to^ point where the engine ceases to function * 
properly or stops. Most types of heavy ^c)uijSment have fuel-pressure gages which will 
indicate when filters are dirty. Filter elements are enj^l^y removed and must be* re- 
placed with new eVements ^when they staitH^^to restrict the ftoW of fuel to the engine; 

Lubrlcatini^-oil filters . Most internal---" ^. 
combustion engines are equipped wlfh an . 
oil filter. This device filters out tftf dust, ' ♦ 
'dirt, and grit that enters t^e oil during- ? 
operati^nof th^^aogine and carbon and 
other maf^Hals thar^b^e from en^ne op-, 
eration. Lubricating-oil filters (fig 2-8) 
depend upon a filtering element fSr their ^ 
filtering action. When thlp filtering element 
is saturated witfi solid particles, it cea8e3 
to function. It is a good practice to replace 4 «, 
the element with a new one every time the ^ ' j 
crankcase is drained and new oil is added. J* 
By &UQh replacement you are assured of- 1 
clean oil and a minimum of wear on engine 
parts. 




Fig 2-8. Lubricating-oil filter. 



(4) Air cleaners. 



Engineer equipment is equipped with air cleaners to fllter^r-as-it 

enters the engine. Th« air cleaner removes dirt, dust, and other material that might 
cause internal damage to th^ engine, ^bout 50% of engine wear is caused by abrasive 
partiA^les entering the engine through the air intake. There are two main tjrpea of air 
cleaners: the DRY type and the OIL-BATH or wet type. 



(a) Dry-type glr cleaners . T^e dry-type 
cleaner (fig 2-9) draws the air through 
a cleaning element which geripraUy con- 
sists of cotton fabric, specially treated 
paper, or wire scx^eens (specially wound 
copper' crimp). Th# cleaning eleijpent 
(filter) collects the dust and other abra-' 
sive particles from the air as it passes 
down through the central duct. The 
hollQw^housing supporting the cleaning 
element also serves as a siWacer to 
lessen the whining noise of the ^ir 
entering the air cleaner. The dry-type 
air jzleaner is -used on many newer makes 
of c/onstruction equipment. 




Fig 2-9. Dry- type air cleaner. 



/ 



V 



On-bath or wet-type air cleaner . The wet-type air cleaner (fi>2-lO) is an oil -bath 
, cleaner, consisting of a main bo'dy and a cover. A reservoir of oil and a E^ter ele- 
ment made df copper gauze or fine mesh threads are wjthin t^s umt. Air^nteHng 
the cleaner passes through the small ports at the top of the body, then past the oil- 
filled reservoir, picking up drops of oil an^ carrying them into the filter element. 
The oil returns to the reservoir, 'carrying with it particles of dust that have accu- 
mulated in the filter. The air finally hits the cover, plate and is deflected down 
througfi 'a passage to the' carburetor. ^ ^ ^ 




Fig 2-- 10. W^t-type air cleaner. 
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2-2, ENGINE SYSTEMS 

, CooHnu fiyjtem. Engines are CoolecJ by having a liquid or alf pass around the hot Engine parts, 
absorbing heat ar>d oai^rying It aw*y. Most larj^e engines in use today ^ro Uquld-cooied. Essential 
parts of a liquid -cooled system are the wate/'Jacket, water pump, thermostat, fan. and radiator. 
The water removes Excess heat from the engine by circulating through the eni^ine water Jacket 
and dissipating the heat fronx tha coolant to the surrounding air through the radiator, Tn air- 
cooled engines, the\. cylinders are coored by conditcting theJheat to metal Tins located on the 
outside of the cylinder an4 hfifid, ^ The essential parts of an air-cooled system areJkJie^fan, 
fins, and baffles* Air is circulated between the fins to effect cooling. When possu/le, the 
engine is ex|ftsed to the air strJjpn of the vehicle, an^J bafqes direct the air to thB^ iif\^^'^ 
If the engine cannot be mounted in the ^Ir stream* a fan is eoiployed to foNi^J^^e^lr through 
the baffles,, The liquld-^cooled system Is the more complicated of the^|wo and will require 
the greater amount of operator preventive maihtenj^ce. " ProperoroVentive ma^tenance oV 
servicing Igr^ely depends on your knowledge of the llndividual (Mp>onent8 land how thtey function. 
This will be ^^vered in the remainder of the paragraph* ^ 

(a) Components and functioning (fig 2-11). 

1. Water jacket . The water passages in the cylinder block and cylinder h^ad form the 
engine water Jacket. In the cylinder block, the water jacket surrounds all cylinders 
along their full length. In the cylinder head, the water jacket covers the cgmbustion 
. chambers at the top of the cylinders, and contains water passages around the valve 
seats when they ate located in the hekd. The bo^lant flows from the block up into the 
cylinder head through passages called water transfer ports. A tight seal at the ports 
between the block and the head is impoftant. The watertight seal at the ports, and 
t^h gastight seal at the combustion chamber openings, are both obtained with one large 
gasket called the cylinder- he ad gasket, A drain OQck or removable plug in the tblock 
may be used to drain water from the system. 



_CVVW*ft KLMK «A1ff1( MTttlUTOf TVVI 



Wt.iT 



UfPIM TAMK 




HAIIAT** 

OUTttT TM« 



HAMATMI HOIt 



^ A ijj ^-11. ijiquia-cooietl circulation gystem. 
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2. Hftdiator. The radiator assembly consinte^of two tanks with a core between them to form 
the radiating element. 

/ ^ '/^ 

f a. The top tank <:ollect8 thevlnoomlng .water and distributes it across the top of the radia- 
tor core. * Baffles In the tank iissfst In distributing the water to the tubes or c61l8 of 
the core apd prevent water from being thrown out of the radiator. An overflow pipe 
provides an opening for the escape of water or steam that might cause excessive pres- 
sure which woirid.rupture the thin metal walls of the radiator. The bottom lank col- 
lects water flowing from the core and discharges it through the radiator outlet. Usu- 
ally, a drain cock or removab\e plug In the bottom of the lower tank permits draining 
water from the radiator. 

% 

b. Some cooling systems are sealed and use a pressure radiator cap to close off the oVer- 
" flow pipe opening, if the overflow pipe was open, the movement of thq^ water would 
cause some of it to overflow into the plp^ and be lost. The pressure c^p prevents this 
and alio allows a certain amount of pressure to build up. This pressurip bulld^jp 
raises the boiling point of^the w ate r^ and permits the engine to operate at higho.i' ;^ 
* temperature without ov^vfjov^lng. Thexap contains two valves: a pfre^sure v^lve 
which acts as a safety valve to relieve any extra pressure in the system, and a vSfcuum 
valvd which allows aln»to enter the system when the pressure within the system drops 
as the engine cools off. x"* * . . * 

3. Water pump and fan (fig 2-12). ^ The 
pump is a centrifugal type having 
an impeller with blades which force 
the ooolanl outward as they rotate. 
The pump and fan are usually driven 
through a V-belt and pulley arrange- 
ment which is driven by a pUlley at 
the front end of the crankshaft. The 
pump draws wateV from the bottom 
of the radiator and forces it up 
through the engine water Jacket. The 
fan circulates a large volume of air 
"through the radiator core. In addi- 
tion to Removing heat from the radia- 
tor, this How of air also provides 
some direct cooling of tte engine* 
The fan usually rotates ^^^thin a shroud, 
which is a funn^lllke structure to 
dlre.ct the flow of air for most effec- 
tive cooling, 

I 

Fig 2-12. AVater pump. 

4. '^ Thermostat Iflg 2-13)» An internal-combustion engine will operate more efficiently and 

economically when hot than when cold. The best operating temperature for an engine is 
• just over the boiling point of water, 212° F, but to allow f9r marginal* safety, it is , 
usually controlled to a maximum temperature of 185** P. Normal operating temperature* 
range between IGO^-ieS*" F. The water pum|^ starts circulating water through the system 
as soon as the englKie is started, no matter how low the temperature, so a thermostftlt 
must be installed to insure quick warmup and to prevent x^vercooling in cold weather. 
The thermostat controls engine temperature by regulating the amount of water flowing 
from the block to the radiator. 

a. The thermostat is a heat-operat%d unit whfch controls a valve between the watei^ Jacket 
and the radiator. Attached to the valve is a flexible metal bellows, which is expanda- 
ble. The sealed bellgws contains a volatile liquid or gas. When the liquid is cold, the 
bellows is contracted and the valve is closed- As the engine warms up, the liquid is 
vaporised and expands the chamber, opening the valve. When the engine is cold, th^ 
valve remains closed and the water is recirculated, bypassing the radiator. 
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b. The thermostat !• usunliy located In tb^e hoveing of thi cyllndi^r-head water outlet^ 
elbow. It is constiructed to thiit if it ifails to functlpiti.it wiU remain in the oi>en 
position allowing free circulation of the water. ^ 

t — > 
"Cv^'Somft military viiWclii ijr« «^fliilpi»(l wttb m^lttpr !»hMtt«r» which are ueed to supple- 
. me nt^he thermostat }n cold weather. The shutters restrict the flow of air through 
the radiator ancf i\\vm h«lp In ^ii^rfning the engine. 



TH«P^MO$TAT 




CNOMi COUD-^^ 
HOT THt llAOUT0i^, ^ ' 




ALUWWAteR TO CIRCULATE 
-.AfiO TH* RAOIATOH 



RADIATOR 



Fig 2^ 13. Oper^ti^n cff thermostat. 



<b) servicing . . V ' ' . 

1^. Cl^«nl<igMjiflui^^^ prevej^it excessive accumulations 
<>f ^ruBt,^kd gfi}tt it should be done at least twice a year, 
ih ta^l>h^ sp^^^ l»y opening the dr^in cocks and allowing 
Xi^ti:.miipt :dV4li)fw^ iyft^m with new * iter, and an approved cleaning com- 
pound.. <l!<6t*j/^hVck^^^i^ Mt^r-im Corps prders (lVic6*8) before adding claaning ^ 

' Oomppujtds, )/^^t)fjtJf^ ftJT' at least 1/2 houiWnd drain the system again, t^ef IM 

with wiN^;,"i^^ miriiites, and then drain thife water. Refill with clean 

wAteT; J^6iAit/^^t^^ or .arititt*eexe *olutlpn if the weather requires it, 

/ ;C .'^ y' ■' . . ' ' 

2. ^j>il^ :<d^Unlri|( «;nd the cooling system, diean insects, dirt,>i^nd other foreign mat- 
, oulE'o^ the .i'adllktb air passaj^^s. Watelr or compressed air may be used to clean out 

' ^he passageir/ When operating equipment" under extremely dusty conditions, or when cl^Jftr^ 
log brushy ar^ftS; check the radiator" passages frequently to prevent overheating the engine. 

3. When servii^in^ <l||e cooling system^ check the condition of the hoses and^all c/3nnections. 
If th^re are leaks, or if a hose collapses when grasped with the hand, it should 

be r<frplaced. In replacing hoses *be sure that they are of the proper length and diameter. 
The diameter (iiialde dimension) is usually marked on /the outside of the hose. 

/ 4. An overheated engine is easy to recognise by th« temperature gage reading, radiat<!^ 

boiling," or by knocking and laboring of the engine. Probable causes include: insufficient 
Water in* the systeoji, a defective pressure cap, slipping fan Jt>e Its, or a partly clogged 
radiittor. Do not add water to an overheated engine until the engine has cooled enough 
to prevent 9racking the cylinder fa^^^k or head. When refilling the radiator, pour the water 
^ in slowly with the engine running at a high idle. 

5. Worn, lo6se, or slipping fan belts 9f ten daifse^o ver heating. | Tp check excessive loose- 
ness or tightness, push in on>the belt midway between the filn and crankshaft pulleys. 
Individual equipment TM's will specify the amount of slack that should exist (usually 
between 3/4 and 1 in. )• If it is necessary to adjust the fan b^lt, first look at the type of , 
device used to provide the fan belt takeup. Two methods of i^djusting fan belts are 
illustrated in figure 2-14. Never adjust the belt too tightly, ^s this will cause unneces- 
sary strain on the fan and generator bearings. 

6. Water pump bearings may be either sealed, requiring no lubrication, or open, requiring , 
lubrication at specific intervals. Lubrication of the water pump bearing is accomplished 
either through a special grease fitting, incorporating 'a relief valve, or by removing a 

pipe plug and filling the housing with greasy. 
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'Fig 2-14. Two methods of a<;|ju0ting fan belts (A-adJustir^ut). 





Additives . 
Antifreeae . 

a. A vehicle operated in temperatures below 32» F requires an antifreeze solution in its 
^ cooling system. Without this solution^ the ^^ater in the cooling syefem freezes and 

sometimes cracks the cylinder head or block. ' . (/ 

b. Etli^riene glycol is the most commonly used permanent-type antifreeze. I.t has an 
extremely >higb boiling point, does not e^apdrlfte in use, is noncorrosiv^ 

and gives complete protection when used in the prd^r amount. Maxfmum jy^tection 
(-eVF*^ is obtaifftf^d when a^Boljition of 40^ Water and 60% ethylene glycol ie^Wed. 
Adding more eth|rlenfr glycol will*^nly*^alsc the'frcei&lng point the solution. If 
100% ei(hylene glycol compounders used/tffe freezipi^ point is riot much below that of 
water. \ . ' ' - >K 

\ ... ' - 

c. Hydrometers (fig 2-15) are used 
for testiitig antifreeze solutions. 

time\ intervals for testing, 
genepallyi weekly, are established - 
by local oyders. Hydrometers 
usually coWie with instructions for 
their use.''\ Their principle of 
operation i)p based oi) the 'fact thi^ 
the specific gravity of the solution ^ 
in the cooling system varies with 
the temperature at which the solur 
- tion freeces. Tests should be • 
made after the engine reaches its 
normal operating temperature. 
The hydrometer suction bulb is used 
to draw a sample of ^he solution 
from the radiator. Care should be taken to draw only enough sol^ion to float the 
float. The tem|?erature of the solution %i matched to the specific Ijriivity, and a con- 
version table indicates the temperature at which th^ solution will freeze. When 
making the test. It is a good praotice^to take two or more rlftaA^i^s to insure accuracy 

d. A good fntifree«e solution mixes readily with water, Wt tfetidf to j|»tfet;*1ite openings 
and connections more readily than water* Before antifreeze is added jjn the fall, and 




Fig 2-15.. Hydrometer. 



periodically thereafter, hose <^<'t^<j 



.ctions should be checked for tightness. 



\ 




Ruflt Inhibltbra . The cooling system must be free ^>r*fust and scale to maintain its 
efficiency. The use of irvhibitors or rust preventives wijl reduce or prevent corro- 
sion ind the fol^nation of scale. Inhibitors are not cleaners and do not remove riist 
and scale already formed; they merely prevent rust or corrosion. Most antifreeze 
solutions contain an inhibitor. If water alone is used as the coolant, an Inhibitor 
should be adc}fed. . • 



Air. 



Components and functiQpjng ^ Air-cooled engines hove fins around the cylinders and on 
the cylinder h^ads to expose more of the surface to the cooling air. Some of the air-' 
cooled engines also havelfiese par^s 8uri:ounded by a cowling (light metal air ducts) with 
a fan to blow the air ^^ajlr^ fins. Some engines with cowlihg have a heat- controlled 
piece of metial that wilf open^and close the air passage'to allow for engine warm-up. The 
fan that circulates the air is usually a part of the engine flywheel. 



b. 



Servicing . Cleanliness Is the most Important part of servicing the air-cooled-type system. 
Leaves and other debris are removed from the screen protecting the flywheel fan daily 
before cranking the engine. The cowling is removed periodically, depending upon the op- 
erating conditions, to remove any dirt or debris lodged in the fins. If the engine is col- 
lecting a lot of dirt on other parts, the cowling should be removed and the cooling areas ^ 
cleaned. 

Lubricat ion system . ' • 



Purpose . Engine lubricating eils have a fourfold purpose: to reduce friction, to assist in 
coolinj^he engine, to clean the engine par^s( and to .pre vent blowby in the engine cylinder. 



(a) 



(b) 



(c) 



(d) 



The primary purpose of engine lubricating oil is to reduce frtt^ion between moving parts. 
Lubrication supplies a thin film of oil which prevents metal-to-metal contact, thus 
greatly reducing friction. The crankshaft, contiecting rods, bearings, pistons, valv^ 
mechanisms, gears, and accessory drives are the principal parts which must be lubri- 
cated to guard against friction. | - ^ • ^ ^ 

Helpllng to cool the engine is another purpose of the lubricating oils. As the oil cir- 
culj^tes through the engine, it absorbs a portion of Engine heat, raising the tempera- 
ture of the oil. The heated' oil is carried back to the oil pan where the flow of air past 
the oil pan cools it. Some engines use an oil coojejr, Vhich is a functional part of the 
water-cooling system^ to assist in cooling the heated lubricating oil. 

As oil circulates through the engJff^ it tends to wash off and carry^irt, ^c^irbon, ahd 
foreign matter into the cranklfase where the larger parotides drop to WreDottom of the 
pan. Oil filters are ufl^d to remove the smaller particles which re^nrmin in ^e oil, 

Piston rings must form a gaslight seal with thfi cylinder walls. The lubricaling oil on 
the cylinder walls not only reduces friction but also provides a seal, preventing combus- 
tion gases from blowing by the piston rings. 




Components and functjonirig (fig 2-16), Most modern engines employ a full-force feed ^' 
lubrlcaiion system, the bil supply is carried In the oil pah from which It is forced 
Jthrough a network of drilled passages^ tubes, and pipes to the valve mechanism, crank- 
shait. canriBhaft, connecting rods, and piston pins, * 

(a) Oil strainer . This is a flne^mesh bronze screen through which the oil enters the oil 
pump from thd oil pan. It keeps large dirt and sludge particles from entering the system. 

(b) Oil pump . The oil pump is the heart of the labrio^ation system. Depending on the desigri 
of the engine, the pump is mounted either inside o\r outside the crankcase. One of the 
most common oil putnps is the gear-type which is gH;4^ally driven by the camshaft^ A 
pressure relief valve is provided to regulate the pressure within the pump. This valve 
contains a spring-loaded ball that rises when the desired pressure is r^^ached and allows 
excess oil to be delivered to the inlet side of the pump, 

(c) (ti l gages ; Normally, there are two oil gages in ah engine. One indicates the pressure 
oWie oil in the system, the other indicates the oil level in the oil pan. 

.J. 

1. Pressure -gage . The pressure gage, mounted on the Instrument panel, is calibrated 
in psi or in some other comparative system to indicate the pressure in the lubrication 
system. Ther«normal oiV pressure varies from 30 to 50 psi. This is the most import 
tant gage for an operator* to check during the course of ,a day's work. The gage should 
register within 90 seconds after the engine is started. If it does not register, shut 

^ ' the engine, down and^nOtify your section chief. New or cold oil may take a little more 
^ vlme to register, ^and then (while still cold) may produce high-pressure readings, ir 

^ some'^part of the system is clogged, the pressure on the gage will also rise abnor- 
mally. A sudden drop in oil pr^ssurjB indicates a failure in some part of the 
lubrication system and the engine should be shut down immediately* 

2. Oil-leve^gage . The oil-level gage is a rod or dipstick which is Inserted into the 

• ^ f side of th% englne^and extends down into the oil pan. It is generally marked to show 
LOW and FULL, oil levels. Some dlesel engines have markings on botii sld&s of the 
dipstick; the upper tjriarkings indicate the oil level with the engine std^l^d, the lower 
markings (on the opposite^ side) indicate the oil level with the engine running. To 
assure accurate readings, first remove the stick, wipe it clean and replace it, « then 
remove it again and observe the oil level, ^^y* > 

(d) Oil filters . The oil filter is placed in the oil line above the oil pump, h removes most 
of the small impurities that haVe not been caught by the strainer. Two types of oil 

used: the bypass filter, which filters only 'a portloivof the oil and returns it. 
Rikcase; andlthe full-flow filter which handles the full output of oil from the oil 
Sre it is circulated through the engine. The full-flow filter is' generally provided 

or bypass valves which allow the oil to flow around the filter when it becomes 
The typical oil filter elem€iftt is a replaceable cartridge which is usually 
^ changed at the same tlfie that the engine oil is changed. Oil changes are generally 
|icheduled at intervals of 100 hours. ^ 

(e) Oil cooler . Some engines eitnploy an oil cooler which uses the liquid In the cooling 
system to prevent the oil temperature from rising too high in hot weather. It provides 

fa more positive means of contlrolling oil ten)peratlire than does cooling by radiation 
Ifrom the oil-pan walls. The cooler is made up of a core through which the oil circulates, 
and a housing through'W hie h the cooling water passes. The cooler is located on the side 
of the engine^ (^oq\ water from the,bottom tank of the radiator passes through It before 
bei^g circulated through the engine water jacket/ \ ^ ' 

. ■ • ■ ^ 
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Fig 2-16, LubricAtioh syflteih of in-line and V-type engines. 



'^'^>- ( »)i^ ^ rvicing,- 



(a) 



(b) 



(c) 



The oil level should be checked prior to starting the engine and, if necessary,^ additiontjl 
oil should be added to obtain a FULL dipstick reading. The grade of oil to be used * 
during vaHed temperature ranges will be specified in the applicable TM and also 6n 
plate or chaVt on the equipment. The TM will lipt the time or calendar interval at whic 
the lubricating oil should beychanged. In cold weather or ^xtrdipely dusty .conditions, 
the oil should be changed nvdre frequently. " ^ 

Drain the oil only after the engine has been^armed up. This warmup. period will thin 
the oil and stir up the sludge and foreign matter. in the crankcase. ^ 

Oil filter elements are generaUy <f^nged at the sanie time the oil is changed* In changr 
ing the elemerit, first remoj^^he (train plug from the filter housing. Then remove the 
filter cover and lift out. the old eleme^t\(. Clean the inaide of the housing, install a new ^ 
element, and replace the ^rain plug. Fill the housing with new oil and reinstall the 
cover, using a^^w gasket. Make s^re the gasket seats correctly and Is not crimped 
by the cover. Iwter completing the oil and filter change, run the engine for 4 short 
timd ai^ che\y the filter for leaks. Recheck the bil level when you secure the engine. 
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c. InUke and exhaiigt ayatemg, The intake system fH<;^dej8 all those parts through whlch^ 
air must travel to enter the engine cylinder. The eiyh^uat system contains the parts through 
which the exhaust gases are expelled Into the atmosphere. From th^ di»cussion on engin? 
principles you learned thal^the fuel is piixed with the air before it enters the cylinder on gasoline 
engines and that only air inters throuj^h^the intake of diesel engines. The unrestricted flow of 
air to the engine is very ImporCant for proper engine operation. The air must be clean 
abrasives will cause rapid wear of the internal engine parts. Most of the dirt and debris is 
trapped by the air cleaner, but some small particles may enter the piping through leaks or small 
holes in the filter or loose connections. TTiese small particles soon buljd up on ^he waUs of the 
passage and restrict the flow of alr» The intake system parts from the manifold oi^e carburetor 
should be removed and cleaned peripdiqally depending upon the operating conditiAis* The ala 
cleaner is checked daily and serviced according to the manufacturer's reccAimendations as shown 
in the TM. The exhaust must also be unri^stricted in order to allow all the burned gases to escape 
Check the system daily to insure that it is not bent or clogged. ' 

d. Electrical syptem . ' « 

(1) Introduction, The electrical system provides the direct current (dc) electricity to op- 
erate the» engine, its electrical accessoFiels, and the vehicle electrical components. It 
consists of a batter/, a charging system, a^ ignition system for gasoline engines, and a 
starting system. 



(2) Battery 
(ft) 



(b) 



Introduction , The lead-acid storage battery is the most common battery used for 
starting, lighting, and ignition purposes. It consists of three or more cells, de- 
j^nding on the voltage required. Each cell has a rated output of approxfmately 2 
volts. A battery of three cells (2 volts each) connected in series is known as a 6- 
volt battery. To get higher voltage from a battery, ni¥re cc^lls are connected in 
series. Storage batteries come in multiples of 2 volts (and three cells), such as 
6-volt and 12-volt. - - 



ConstructioiH fig 2-17). Bach cell 
contains a nqmber of positive 
negative lead plates, separated from 
each other by a suitable insulator. 
The plates are Joined together in 
positive and negative groups and are 
permanently joined to the connecting 
post strap. Each cell is located in 
a hard-rubber Jar or compartttient ' 
and is submerged in a sulfuric acid 
solution (electrolyte). The connect- 
ing post strap to which the plates are 
attached contains a cylindrical termi- 
nal which forms the outside connec- 
tion for a cell, A hard-rubber cover 
with two terminal openings and a 
vent plug is placed on each cell. The 
cells are then sealed and connected 
in series by burning cell connectors 
on the terminals* The vertt plug serves 
as a means for checkiilS and filling 
the battery. It also allows the heat 
and gas caused by the chennical reac- 
tion within the cell to escape and pre- 
vents eletrolyte frdm splashing outside 
the battery. 




Fig 2-17. Cell construction 
of a storage battery^ 



(c) Electrolyte . An electrolyte is a liquid which readily conducts electricity and decompose 
when an electric current passes through it. The electrolyte in a battery ha^ 8p>ecific 
gravity of 1. 280, and is composed of 1 part SAiliTuric acid to approximately 2 3/4 parts 
distilled water« Premtxed electrolyte is normally available and is used for activating ' 
dry-'charged Storage batterit^s, . . ' 
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(d) Chemical action . When the ^attery delivers current to a load. It dlachRrges; the sulfuric 
a,cid is absorbed into the plates, weakening the electrolyte. When the battery is being ^ 
charged, it receives current ffom the generator In a reverri(> direction. The reverse ^ 

chemical reaction restores thd sulfuric acid to the electrolyte, 'Huis w^ may say jthat the 
amount of sulfuric acid and thdspeclfic gravity of the electrolyte changes with the amount 
of electrical Charge, This proVides a convenient way b'f measurii^g the degree of charge 
in a battery. \ - ^ ^ 



(e) Testing, 

U Specific gravity (fig 2- 18), 



a. 



2, 



Specific grfiyity can be measured by a hydrometer; v A reading is taken by drawing 
enough electrolyte into the hydrometer lo raise the float, ^For convenience, 
the readings arc spoken of as being 1150^1200, dnd 1 280, instead of 1, 15, I, 
and 1,28^ which are the true specific gravitieH* ■■ L 

Relationship between specific gravity readings and Stafa^^of chargftt 



1275 . 

1235-1260 

1205-1230 

1170-1200 

1140-1168 

1110-1135 



fully ^barged > 
thrfee-^fourths char^^^dt 
one -half charged;^ 
one -fourth charged 
bfl^rely op^irative , / 
completely discharged 



When electrolyte readings indicate that the battery is ne spring a discharged 
condition, the battery should be recharged immediately, oth^rwiste serious damage 
will result. : ' ■ ' . . ' 

Temperature correction^ All hydrometer readings are stated at a normal electro- 
tyte temperature of 80" F, It iB not usually nejce^ssary'to piake aiP9Wance for 
temi3erature viariations, unless the temperature ran^e ii; greAt, Temperatui^e 
corrections are made by adding 1 to >the hydrometer .readings for every .2, 5^ 
aboye SC* F, ind subtracting 1 for every 2,^5'* b^low 80^ F, 

Tropical operation . When batteries are operated in tropicHl^'cUmatetf, the specific 
gravity of the electrolyte should be lowered to between 12pQ and 1226 by diluting i 
with Water, tag indicating the fulKcharge specific giwity should be attached to 
the battery. , ' 





' Fig 2-18. Takiiig specific gravity reading of A bat^e^y with hydrometer, 
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2. j Jfctenr-capyiity teBt , while tfp^cific gravity tMta give im indicator of the battery's 
^ wm^fs of charge, the actuii|.<^effectivene8a of the battery to supply electrical energy is 
"determined by a battery-capacity test. This test is generally performed by p[>echanics 
^ or battery shop perppnneL If t|[ic battery does not meet specifications, it eihould be 
replaced. , ' ' ' 

K ' ' ' * ' 

(f) Servicing , . , . . / . " 

U Battery water level shoultl be checked at least pnce a week, and clean water added« 

if requif-ed. ' When possible/ use, distilled water, bo not overfill t|io cells. Add water 
^ ., carefully and wipe away any water which spUls on the'battei^ top. During freeitiog 
. . * weather, add water after the engine has been started^ prior to beginning operation. 

2. Check the battery terminal clamps and battery holddowns, and tighten them if nec- 
it^hary. . ^. . 

3. Acid fumes from the battery cells react with metal \o form a hard greenish^white , ^ 
deposit on terminals and cjamps which results in corrosion. Tills deposit also gets ^ 
tret)Veon the terminal posts^imd clamps, and hampers the flow of current. A 

' bicarbonate of soda (baking soda) and water solution should be used to remov<) the 
deposits, "'^ne about 3 tablespoons of soda to a pint of water. When oleanjLng the 
battery, re^dye thn cable titampa and apply the S9lut ion with a stiff brush. Do NOT 
permit the ipda solution to enter Uie ceUs. After the solution has softened the acid 
deposits, scrape them a>vay with a stiff brush or knife. When tfleari, rinse the parts 
with clean Water and wipe dry; then reconnect the batte.ry. clamps. 

4. ^ New or replaaement batteries are diy-cjiarged and only require the addition of a suit- 

able electrolyte in order to be placed in service, Pretnixed 1280 Electrolytes is 
available through the supply system, Addijig electrolyte to abaitery is a dangerous 
job. Vou have probably seeix.hplea appear in utilities for no apparent 'reason. Later,' 
you I'embmber replac^ a ba|frtiry and having carelessly brushed against it. Remem-^ 
. ber, ^hen handling eleptrolytifePjrou are dealing with sulfuric acid whtch can bum cloth- 
ing and severely burn Vou r hani^s and face. Airways wear rubbe^ gloves, an apron, 
and goggles for protection against-splashes^ * « . ^ * * 

5. If ^u are accidentally -burned hy acid, keep califi^and apply first aid. First, douse the 
burned area wtth l||irge amouMe of \K,ater to remov^ most cJf tjie acid.'^ Then apply a 
solution .o( baking, soda and water, -or ammonic^^ and water, to neutr&lt^e any remaip** 
ing acid, . Check in at th^ -nearest sick bay for further treatment. 

X - ^ - 

> J ,> ■ If » ■ 

6. When mixing electrolyte, never pour water into acid, ALWAYS POUR ACID INTO 
* . WATER. If water is added to conceptfkted sul(uMc acid, the mixture may explode 

a>id Ispatter In all directions, causing severe burns. Pour the acid into th^^ater ' ^ 
^ , slowly, stirring gently but thorouffhly all the time. 

. * ^ '* * " ' ' . 

7. When replacing batteries oY cleaning terminafs, md^e sure that you reconnect thjft ' 
clampB to the proper tefmjlnals. When removing the 'Cables, disconnect the grounded 
terminal (the terminal lead that is Qoniieoted to the Vtehicle frame) first and install it 

^ l«8t when repl&cing. Baiteries^d electrical systeWls have different types of gi'ounds. 
For the various eljpctr^cal syst^Bk to fynS^ion properly, the batteries must be hooked 
' ap correctly. Use your e'qulpment TM -whenever you work on the batteries and battpry 
cables. AU batteries h^yje a positive (+) and a negative .(-) terminal-.or post. The 
^ appropriate signs afe stamped either on top of the pofi^t or on the battery case next to 
the pp(»t. As a ^eneraUrule. the larger of the two postja will be the positive p6st. If 
In doubt about installing the battery, check the equip|ient TM. / 

^(3) Charging cirpfilt (fig ?-lP), ' . : , '> * ^ ' ; 

(a) Purpose .. ' Jhe charging circuit "consists of the generator or all^ernator^ generator 
re^lator^ and amrpeter. Thi/s'^cll'fuit recharges thehattery arid supplies electrical 
'* current to^oTperate the electrical load of the. vehicle (lights sufd ignition)* The battery 
s^nd generator b^^iiupply Electrical current toi operate the vehicle electrical system. 
but nevej^ at thfe^ro^ time , The battery slipplies current ttr starting and for operation . 

/ 'at low idle 8peedi$ when the gener^^tor is not turning fast enough .to generate suffieient 
electricity. At speeds aboye low idle the generator takes over and suppUes electrical * 
current for accessory operation, and also recharges the battery. . e * 



2-20 



82 ' 



VOLTAOi f„i.o 
CUiKINT 



r- 



•ATTIKV 



ill 




OINIiATOR 



Fig'^-IQ^. Charging circuit, 
(b) Componopts and functioning . ^ * • , 

.1. Gen erato r/ alt er nator , The gfen^rator.or alternator arje devices which change me- 
chanicaL-enei^gy into electrical energy djeneratora are capable of supplying more ^ 
electrical curr^ht than the 'electrical system i:an use. For this reason a generator 
regulator Is employed in the charging clrcult.t 



Regyli 



ators. 




.G enerator regull^tb r. Heavy-dut^ generator r^tulatots, containin^hree regulating 
^vlces, kre'^M^ecPe^tensively on military construction equipment. f^AT voltage regulator 
init protects electrical ilnLtk by liniiting generator voltage'to a maximiiiff-safe value. 
A current r^gulator^fotects the generator by lii]^ting generator output to a mixiraum* 
rate^l valuer. The chvrent regulator function^ to" protect the generator when load de- ' 
mands are he&vy (as, for eicainple, when many elej^rical devices arc turned on and 
the battery is At 'a dischlnrged' condition), Jfhe last^it in the regulator is the cutout 
relay or circuit breaker. This is thf devree which makes and breaks the clrcuij 
twcen the '^generator ahd the battery as needed. DuWng starting, or at low idle 
the breaker Ib open and Jhe battery is supplying power to the Electrical system. 



cutout 
I. ^e 



engine i»peed iAcr^fas4s, generator output. increases arid the cuto«t relay closes, 
the generator supplies tfte pDwer and also recharges the battery,\ , ^ 



Then 



3! 



b, 4^ternator regulfitbi! '> . Tbe aJlte|[;ptto^ regu^ftttr and the generator r^ulat or perform the 
safne fupptiot\; protect- the assembly producing ^he d^rrent, Althou^they look the same» 
*thex are different. The alternator regulatoV controls only the oUrrent flow in the alter- 
^ r)ator fi^ld (rotor), 'and diodes in the -altefriator perform tbe function per(oi:med by the 

cut'ouj relay. Diodes ai:e special parts mounted in the alternator to convert tfte alter- » . 
nating current to direct iurShent; th^ permit the electricity to flow in only one direction. 
The mahArfn in which they are connected prevents current from flowing txpm the battery 
through the alternator, A new type oralternator is presently beit^ tested. It does not 
.require any. type of outside regulating system. It has only one external connection which 
leads from the ^Iternator to the ammeter to the battery. ♦ . 

Ammeter . The ammeter, a device for measuring electric current, is pfticed in the * . 
M chafgin|[ circuit between the regulator and th^battery. The battery-'^lMirging rate i's ' 
indicated on the ammeter. When the battery \u bcJjtig charged (engine operatihg above 
idle speed, cutout relay closed), the ammeteir ne^le registers '"Charge. " When the 
battery i^ supplying ctlTK%nt (Ibw Idle, cutout refcy <tpen), the ammeter needle regis- 
•U»i- "Discharge. " * \ 

a. The ammeter will tell yo^ ^ great deal about the charging circuit. It, 
^regi^ters dLschiarge whj^h Ihe battery supplies power for the electrical systenu J^fter 
^the engine starts^ the generator should take over and^BVipply power knd also reSKarge 
^he battery. The more discharged the battery, the higher the charging rate will be. 
A* the bkttcry approi<fties,full charge, the^qhtffging r^te Will gradually dArease, but 

, should ^li»ays jren^ain slightly on the chirg^ side of %e gage, ' 

b. V^f the a^nmeter shpyn nd' charge or discharge, br if the n*6dle on the ga(ge ^uctuates 

between ^Ischarjjyj^ and chajige with thp engine operatinferjhovc' idle upeed, there^is 
8ometl\in^ wron^'ih the system. Prolonged qperatjloti In'tbi^ ^iondttion will coi^pi^letely \ 
discharge the battieries, ' . ' ' ■ " ^ 
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c. 'the chargihg rate should drop ae.^e batteriea are recharged. Jf {He gage continuea 
to register an excessive charging rate when th^ batteries are fully charged, it will 
^ause rapid evaporation of battery water, overheating, and posiSible fire or explosion, 

"d. In all cases, when you «otice abnormal ammeter readings, record the fact on the 
Eguipment Operational Record and notify the dispatcher and section chief. 



(<;) Servicing . Operator oj^rvi^es to the charging circuit are limited primijrlly to making 
sure that electrical cc^^nections are tight and to 'maintaining the specified 'amount of 
' slack in the generator drive belt. Loose or slipping belts will cause expessive belt wear 
and a low charging* rate. Belts which are too tight will place too great a strain on the 
generator and fan bearings. At the unU or organizatidnal maintenance level, repairs 
are generally limited to rilplacemenl of complete assenfblies by tjne unit mechanics. 

y Staming cir cuity, (fig 2-20). ^ ^ - 

(a) Purpose . Heavy-duty, sealed starting systems are generally used on construction equip- 
ment. Since most construction equipment is diesel-powered, it means that the starting 
motor must turn the engine over against the high compression ratios used^ in diesel 
engines. 'The starting motok* receives its power from the batteries, and you will gener- ^ 
ally^find that 24-volt starting systems are waed. In rtjQst J[>plip£^tiQns« this voltage is ob-t 
tained by connecting two 1 2*^ volt batteries tp series. The ihartin^ motor may be engaged 
' :either manualj|^ b||a lejyer^ or by a switch or key which ac«^te^ a magnetic switch or 
solenoid. 
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'Fij^ Simplified electrical circuit. 

(b> Com poniftits and functioning ^ , , ^ ' ^ 

_ " » . x« 

1. Conductors arid current flow .. The .electrical wires and cables.are conductors of the » 
electricity produced by the battery br the generator or alterhator. They.sef^e ap pipes * 
to direct the current to the desired part.' The current will contin}ie to flow through the 
conductors ts long, as there is sufficient voltage to ovei:come an^ resistance. Electricity 
jwill alwi^s take the path of least ^e8ist8Qlce• 'Switchiest circuit l)reak^rB* and resistors' 
^ aikinstallVd to control current flow, but lo6se connections, cdrrosion^f and broken or 
« '^dP^^'^&nductors provide resistance that hinders operation -of electrical parts. Insu* 
. latloPPthat is^.cracked 6r wdrn through allows the conductor to short or ground out; the 
•electricity gges directly t<y ground Ibecaiise^t offers the least resistance. • 

t . .: ..^ ' ^-7 . " > / ' - . , ^ 

^ » 2. $t<i^ting switch , ^ure 2-21 iliji]^tr|tt%s a startifig Switch whi^h is manually activated 
V by We operator th^^h^a starting lev^r. Depressing tt(fe lever moves the drive 

* mechanism forward Wnd ca^uses the drive gyar tb'^ejigage the teeth the flywheel be- 
fore the starting switch aUoWs electric current to'activate the crankin|( motor. 

3. Solenoid. 'Aitfmqite cbnirol switch or s6lenoid may also be used to engage the drive 
• geVr i^d supp]^ power to the cranking Ijiptor, The operator turns a key or switch . 
which causes the magnetic switch to moye the drive n^echanisip forward and then 
supt>lies battery electrical power to start tK^ mptor turning. 
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gtarti^g motor (fig 2-21). The starting motor is just Xhp opposite of the generator 
which convert* m6char\ical energy to electrical energy, it is^ device which converts 
electrical energy fpom the battery iSfifo the mechipiiV^al enep^ neeoMiJ^Lturn the engine 
ove'r. As such, the starting nM^r is made, up of a conventional motor^ahd a drive 
mechanism. Different types cfflHve mechanisins ^can be used, but all must permit 
the starter drive gear to be difl<M|fkged from the iiyw heel automatically once the 
ejigine starts. ^The overrunning olutch in figure 2-21 is one of the fviost widely used 
disengaging mechanisms. - 




Fig 2-.21. 



Starting motor and switch. 



) Servicing. 



The staging circuit requires very^ftfl^jjerator service, \ It, like Up oih^ circuits, 
is part^^hc military iftindarxi, heavy-duty, radio-suppressed, and fungus-proof 
electrical systems. The operator should "che A electrical connections and make sure 
that they remain tight, ' ^ 

> ; , » 

When the starter fails to turn the engine over, ch^ck for loosfe connections and cor- 
roded, termipals/ especiall^yr bkttery teri|iinals which insert a resistance in the* electrical 
circv|it and reduce or prevent current flow. This reglstanc^is similar to putting a tig^t 
be^id ar kink in a garden hose which redQce;* wate> flow. . . - 

Another problem, particularly wWen eqMipment is not ryn regularly, is that the bat-*^ 
"^teries may bfe so run down that there is not enouJWwwer availa'ble to turn the engine 
over. Ojd solenoid- equipped circuits, th^i^e ^ay*'t|«^ enough current to move the drive 
'^eUr forward, but not enongb to turn the engirte^Wer, When this is thfe case, you will 
often hear a clicking jioise fronrv,the starting motor as you attempt to turn the engine 
• over* 

it * 7 . . , 

The starting>lhotor runs for only >i few second^ each time it is used and carrier- 
great overload when it is running. To carry such a heavy load, it draws high^^ 
Which causes the starter motor to heat up quickly. To keep the etarteV mo<o^^t^<i^,-^ 
overheating., never run it longer than 30 seconds at a time. If the e^ngine da0|?W0Us 
•tart within that tftne,4l^t the starter motor cool off for several minute iLbefctpej^to^^ 
gaging it again, > ^ l ^i* 





5, The i(«rtlng motor requires little maintenance if u»ed properly^ , Most of the motors 
you will come In contact with WlU^ sealed unltp requiring no lubrication. Others 
may be provided with small lubrica)ion cups. A few drops of oil should be put in the 
cups nt regular lubrication intervals. Starting motors-ond switches will be replace 
by unit mechanics if they ftre defective. 



(5.) [gnitioi) systems , < . " " ' !. 

Introduction . tla«oline engines use an electric spark to ignite the fuel-air mixture near the 
nop of the co\inpre88lon stroke. A spark ignition system provides a methgd of using electrical 
energy to ignite the nfiixture at the proper instant. An en^ne may use either a battery dis- 
tributor Ttype i|fnition or a magneto Ignit^n. They ar^ basically the same; they step up the 
^ low voltage to a high voltage ax>d distribute the voltage to a spark plug at the proper tiipe. The 
high voltage spark jumps the ^ap between the spax:k plug electrodes and ignities the mixture. 

(b) Battery-distributor type. The battery-distributor type ignition system consists of a 

primary circfiit and a secondary circuit. The battery or generator/ altctji^nator delivers ^ 
low voltage through the coil to the breaker points. Each time the breaker. points open, 
^hig^voltagi (as rxxv^ as 3D, 000 volts) created by the coU, is induced in the secondary • 
circutt.- •nie\rimftry and secondary circuits and a schematic of the wiring are 
illusttatgif in figure 2-22* The primary circuit is represented by the heavy dark line 
and the secondary circuit is represented by ^e lighter liile. 
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Fig*^-??. Battery ignition circuit, 
1'"^ Components and functioning , ' * ^ , . v 

^' Digtributor (fig ?-??^>. The he^rt of the b'alJMTV ignitipn i^stem is the distributor. 
It functions 4n ^oth circuits, n)aking and breVcing the low-volta^ circuit and dis- 
tribu^g high voltage to the right cylinde^a^he right time, .j* 
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Breaker cam. The breaker cam will genf rally have as maixy' cam- lobe » as thipro 
are engine cylinders^ -A 4-cylinder engine will have four lobee and a 6-cylinder 
«%)g,^ne will have six lobes. Therefore the contact pointa on a e-cylinder-engjne 
wiQ open and close six times for each revolution of th^ distributor shaft. Each* 
time the points open, the prlmi^ry circuit will be broken and ii high voltage w,ill bo 
* induced in the secondary circuit.-^* The breaker c^m and rotor rotate together, and 
the rotor is alined with the proper sparkplug contact each time a cam lobe opens the 
pVlmary fcircuit, producing a high- voltage surge in the secondary circuit. 

*• • ' > ' 

Contact points The contact points used' in conjunction with the cam lobes to form ' 
the make* and -break device consist of a fixed and a movable point. A spring-loaded 
breaker arm with a rubbing block wi4<^h rides on the breaker cam forms the hiovable 
contact aurface. Vhe fixed adjustable contact point surface is the contact support. 
The 2-^^iece points come as a set and are always replaced as <^0ot. Notice the two 
screws in the contact support in figure 2-?3p the one on th^rlght is the locking screw 
and the one on the^left (with elongated hole) is the adjusting screw. 



Condenser. The concffenser or capacitor is placed in the distributor Jo prevent 
arcing across the contact points. As the points are openecl, the flow of curfent in i 
the primary circuit tends to continue to flow, jumping the gap or aroing. To pre* 
vent arcing, whicjh^ould quickly burn out and damage the contact p<S^ts« the 
c^ondenser is wired in parfillel with the contact points and grounded through the 
distributor housing, The conclenSfr absorbs the current from the primary circuit 
as the points open, preventing arcing and also aiding in a rapid buildOp o/f secondary! 
voltage in the ignition coil, ^ i . 

Distributer d|[p/ ^^^gure 2-22 shows how secondary voltage enters th^ distributor 
c^p through Xly^^^ft^v termlnaLto the rotor. The rotor in turn distributes the 
electrical current fo the spark pluj^ leads. Note that the spark plug* leads are 
arranged in a standard pattei^n or engine firing order. This firing orcler insures • 
ttiat the spark Is delivered to the r^ight cVllndfcr at the proper time. The firing 
order varies with different makes and models of engines and is generally stamped 
on the side of the engine block* A commonly used firing order for. 6-cyllndef 
engines Is 1-5-3-6-2-4. 
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♦ '^.^Fig 2-23, ^Sectlofial vlew^Qf a standard-type distribut 
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tjtnltlon coU, The Ignition coil acte as oi nDagnelic step-up transformer, clianging the 
low voltage^of the primary circuit into the high voltage n^e(led for Ignition in the sec- 
ondary circuit/ When the ignition pCinta are closed, current is flowing througli the ^ 
primary circuit. When the points are opened, a high voltage (as much as 20,000 volts) 
Is induced Into the secondary windings of thexoil; 



c. 



. Spark advanc e. As engine speed varies, the iimh at which ignition occurs in the 
individual <?^nder8 must also vary if the engine is to operate at maximum efficiency. 
The faster an engine runs, the sooner the spark must occur if combustion is to be 
completed at the most effective time ln*the operating cycle. There are two types of 
automatic spark-advance mechanisms which are built Into distributors: centrifugal 
and vacuum. They may be used separately or toge^er, depending on the application. 
Most automotive distributors employ both types: the vaotium-advance for low speed, 
and ^e centrifugal advance for high speed. ^ 

Centrifugal advance (fig ^-23). tVic centrifugal-advance ifiechanism is operated by 
a pair of weights that are thrown out against spiring pressure as the engine speed 
increases. The movement of the weights ^advances the spark throygh a linkage to 
' the breaker cam."* As speed incr.|»ases, the spark is advanced. As speed decreases, 



the- spark is retarded. 



2,^ VacuuntNMiyance , The va^cuum- advance mechanism uses a spring-loaded diaphragm 
connected by a linkage to the distributor plate, and by a vacuum passage to the 
carburetor. The opehlng to the carburetor is on the atmospheric side of the throttle 
^ when the' throttle is in the Idling position. As the throttle is opened, the spark- 
^ advance mechanism is exposed to the lower pressure oS the intake manifold. The 
> « pressure acts on the diaphragm, moving the spark-advance linkage. The linkage 
rotates the breaker plate and contkct points to an advanced position. 

g^vicing . An oV>erator 4s f^ery limited in , the amount of work he can do to sei^ice the 
battery-distributor ignition system because the" tools required for adjustment are not 
available. He can keep the conductors (wires) clean and the connections tight. He can 
replace broken or defective secon.dai'y leads. The distributor cap towers and the coil 
tower should be cleaned periodically to prevent the buildup of co^ros^on. The covers and 
connections of waterproofed systems j^hould be kept'tight; they are removed and serviced 
by the engineer equipmetrt mechanic. If the distributor is not wai^ pr Jlbfed. the operator 
,can remove the distributor icap and clean and lubricate the^te^BH^3fifts if necessary. 



Magneto ignition (fi^ 2-24), The magneto 
is a self-contained ignition unit. With the - 
exception of the spark plugs and wires lead- 
ing to them> the magneto includes or sub- 
stitutes fop'all uiiits usually found In the 
battery ignition 'System, The magneto pro- 
vides electricity for ignitibn alone and is 
often Used on industrial and handcranked 
engine^jj^ 



MAONCTO 




Fig 2-^4. Automo^v^ magneto. 



A. Princtpl^a of operation (fig 2-25). 

generator. Th* primary and 
secondary igqition windings are 
wound on an armature which rotajten 
within the magnetic field created 
by the hor«ehoe magnet and pole 
pieces. Ab the armature, involves, 
an alternating cur re At of low voltage 
is generated in the primary wind- 
ings/' When this current reaches f * 
its highest value, the breaker point|» 
open, and high voltage. is induced 
in the secondary winding. Just as 
it was in the battery ignition system's 
^oiM The high -voltage charge is then 
diiWcted to the magneto distributor 
and on to the spark plugs in the proper 
firing order. 
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2; Impulse coupling 



Fig 2-29. Circuits of a high-tension magneto. 



a. 



The magneto must bo turne^j^ut enopgh to generate a primary current with enough 
strength to enable the engjite tO fire aad to keep it running. This speed varies with 
different types of xnMfi^^B, but the^erage is about 100 rpm. When startiag the 
engine, it is difn^^Mtxto rotate the crankshaft fast eliough to obtain th^s speed. ^ An 
impulsecpufWSg is used to obtain sufficient speed to cause an initial starting cur- 
-ruill frorn the inagneto. ^ $ v 



The impulse coupling is <Tu>unted between the magneto drive from the engine and the 
magneto-driven shaft. I^xonsists of a spring and ratchet dfive. When the engine 
is turned over^ the spring in the coupling is wound up against a spring and 'trigger 
arrangeinent. As the pistoh reaches firirtj^j>osition^ the trigger re^leases automati- 
cally. The sprlng^-whlch is connected to th ^mag weto drive shaft, flips it with 
enough speed to ^odlice the primary current. T)iis operation continues until the 
engine fired^^and starts to run. As engine speed increases, the impulse coupling 
locks odt at approximately 900 rpm and the magneto is driven at^ engine sp^ed. 



(d) General maintenance. 



J[. Introduction . Operator maintenance to the ignft^ion system is primarily limited-to maliing 
sure that all electrical conneciiofis are tight. Visual inspections will reveal any hare 
wires, loose connectipnd, xborrosioh, or cracks in insulating material. Unit mechanics 
wil^ gene rally test, replace,, or rennir igltition system components. Nornj^al weUr' 
wHt' require that period iomhttcks and adjudtn||ints or replacemeViits be made to spark 
ptugsV^reaKer points, a«C<&ngina« timing. ^ knOwledge^of ^^.hese maint^ance proce- 
^^,dui*eB will be a great hel]^ TO equipment operators. i * - _ 
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2. Sp»i>k plugs (ngC?.-2fl), 

_a. The sparkplugs, JwWch must 

bt>erate"Unchir severe conditions, 

^ require ^periodic cleahing and 
/ adjueting, Th« extreme he fi^t, 
high voltage, fi^nd high compfeseion ' 
occMrring within the cylinder cause 
the electrode tips to burn, increasing 
the distance between the electrodes. 
Spark plugs may be tested under 
pressure. They are cleaned with a 
special sandblasting machine. 

b, Engine specifications provide for 
a specified gap between the spark 
plug electrodes. To adjust spark t 
plwg gaps, it is always better to 
use a round rather than a flat 
feeler gage.^^lyays bend the ground 
eleoftode which is attached to the 
\ . sparljt plug shell to get the proper 
gap, Never bend* the center elec- 
rode as this may crack the core 
insulator. 



CtMtNl 



CtNltH ^ 

tLtCtKOOt 




GA5KCT SCAT SPAUk 0*P OROUHO tttCTI^ODt 



Fig 2-26, Sectional view of a typical spark plug. 



Breaker points 



When adjusting breaker points, remember that a spark occurs at one of the spark 
plugs at the iniitant that the breaker points open when the ignition switch is on. \ 
Alsa unless the points close property to complete the primary circuit, no volti^ge * 
can be induced in the secondary cirbuitl Therefore, it is important to clean and 
aline the points to insure good contact. When fully opened, the poirits must have 
the recommended gap clearance to insure proper -timing The breaker points are 
fully opened when *he rubbing ^ck of the movable points is resting on the highest 
point ft the cam lobl. ^ 

Before removing the distributor cap to adjust points, be, sure to checf the position 
of the spark plug wire that leads to, No. 1 cylinder. Many caps have the number 
"1" marked on the cap surface adjacent to the No. 1 spark plug wire, \i not, you 
can scratch ah appropriate mark on the cap with a screwdriver tip. After removing 
the cap, notice the direction iij^'wh^ch |he rotor turns. If you know the position^of 
No. 1 spark plug wire, the direction of rotAion, and the firing order, you can 
always rewire the cap without any trouble, 
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With t)ie ignition switch on anrfthe engirte turjied so the poiS^^s are in a.closed posi 
tion, you can oheck to see if the'>ointa ^CV^e^aking And breaking. \Vhen yo« brerf 
the points, you should see ^rnall ^parJver^y time they are separated. If the 
pAints ai;^ burnjjd 6t dirl^,; th^ *park will noftbe notidpabte^ By Visual inspection 
you can tell if tfTe poin^ r\eed repewing. ^{>«dlMp^^ tlyy should 

be replaced. Altftugh it is notf rtcommendfj^ whta'ij^ ar<>^%vall^le, ypd /. 

can cleAn,;»urjjM&d contact points with appoint m^^^otyiow anSLtHin rfeadju#t ;them» v , , ^ 
Never use/i^ery cloth to^ein jllblntfl tecavise pl|Pficle% may becoxne embedded ani. 
burn 9n-th©^point8 or f all Jnto ^h^^fl^ributor housing and c^tisft BlJort cirauits. ' * ^ 




J. 




V 



fhe rubbing block of the movable 
point must be resting on the high 
point of the pam lobe for you to 
adjust the breaker point gap • 
(fig 2-27), Specification are 
given in the appropriate TM. 
With a feeler gage of the recom- 
mended thicknefls, you can adjust 
the gap by chai(igtng the position * 
of the stationary point. Twa screws^, 
are generally provided, an adjust- 
ment Bcrew^'and a lockscrew. 
Loosen the lockscrew and turn 
the adjusting screw as needed. 
Hold the feeler^gage lightly ar\d 
obtain a slip fit on the gage with 
the points. Tighten the lockscrew 
and then recheck the gap. Very 
often you will have to reset it. 
When you are satished that the ^ap 
is correct, put a drop of oil on the 
felt wick in the center of the cam, 
and place >s.8"^all smear of grease 




(A) IIU»|IIHO tLOCK OM CAM LOftt 

(ft) OACINO THICKNtlS ftlTWtVN CONTACT! 

K) COHTACT rOINTS IN CONDITION POR OAOINO 
U) CONTACT POINTl lUKNtD AND riTTCD 



Fig ?-27. Adjusting breaker fjoints. 



t^ysmal 
lateVpn 



or lubriplateXpn ^he cam surface. Never overlubricate the distributor. Excessive 
grease and oil will combine with^lirt and dust to cause short circuits. After instal- 
ling new contact points and adjusting the gap^ ^ou should check the ignition timing. 

Whenever you remove the di&tributor cap, clean and inspect it carefully for cracks 
or pther damage. A crack reaching t)ie center terminal n^ay permit the high voltage 
from the coll to ground through the distributor body. Check the rotor for cracks, 
corrosion, and burned terminals. 
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. • '" ^on timing (fig 2~?8). In almost ^ 
ail engines, the timing marks are 
found on the flywheel(A), or the vibra- 
tion damper (B) located next to^^|^ 
fan belt pulley. Specifications in- the 
TM will tell you at what instant , 
ignition should occur, usually in / 
relation to TDC of the piston stroke 
(such as 2** before-'TDe or 05). ' 
...^^ neon timing light is generally used 
when adjusting engine timing. To 
use the light, connect oile l^ad to 
the No. 1 spark plug'wire and 
connect yie other le>d to a' suitable 
ground. (Some manuAicturers also ' 
recommend that the \j4cuum line from 
the distributor vacuum-advance unil 
be disconnected. Then start the ^ 
engine. The timing light will light 
every time the spark plug fires. 
Therefore, you aim- the timing light at 
iite timing" marks; when the timing 
light comes on, the timing marks should 
be lined up, and momentarily appear 
to st«md still. If the timing marks do 
not line up according to specifications^ 
the distributor or magneto can be 
^ 1 turned TsUghtly after the locking bolter screw has been loosened. By turning the unit, 
Vyou can bring the timing marks exactly Into lirte*. When they are correctly lined up. 




Fig 2-28. Ignition timing marks 
on fl3rwheel and vibrator damper. 



Mock the distributor or magneto in place, and re^move the timing light. 



Fuel $yHternB , . , 

(l) C omponents and runctionin g. t 

^g^apUne. Most large engineejr equipment is powered by dlesel engines, however, you 
will also be working with gasoliiu? -engine-powered chain .saws, conipreasory, concrete 
mixerg, and g^norator^. These small, stationary applications do not requir^ a com- 
plicated fuel sy»tem such as those employed on modern automobile engines. The same 
components must be used, but tliey are of simpler construction. The operator's re~/ 
sponsibillties for the care and servicing of the system deal primarily ^ith using clean 
fuel, and cleaning filter elements at periodi^c Intervals. Figure 2-29 lllustri^tes a 
typical fuel system. In stationary applications, the fuel system takes up considerably 
less space and the fuel tan|^ is often located higher than the carburetor. This appli- 
cation of gravity fuel flow eliminates the need for a fuel pump. 
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Fig 2-29. Fuel system of the gasoline engine. 

!• Fu^t tank . Most fuf>l tanks are made of thin-gage sheet m^tal, and have"an inlet or 
filler pipe and an outlet. The outlet line is usually placed about 1/2 inch from the 
bottom of the tank to prevent any sediment in the tank from entering the carburetor. 
Tanks are ge||er£illy provided with electric fuel gages (sending units). Drain plugs 
are located on the bottom of the fuel tank and when the tank supplies fuel by gravlty 
flow, a shutoff Valve is generally provided. 

?• r^uel filter and strainer . The fuel filter or strainer may be located at any point' - 
between the fuel tank and the- carburetor. When a fuel pump is w4ed in the system, 
the 9#rainer generally comes between the fuel tank and the pumi and a filter between 
the pump and tiie carburettir. The sedimfnt bowl (fig ?-30) is a\wimon type of 

. strainer and is often combined with the fuel pump. Fuel enters the^ass bowl and 
passes up and out through a filter screen. Any water or solid matterVaught by the 
- screen falls to the bottom of the bowl where it can be easily seen. Dirt in fuel gen-^ 
erall]^ -comes from rust scal,e in tanks and drums, and from dust and d(irt in expe- 
ditionary cans. Water comeg^ from condensation of moisture in metal containers or 
tanks. ^Thumbscrews or spring-wire cUps hold the sediment bowl in place against 
a cork gasket. Another tj'py of filter. is made of a se.rles of laminated disks placed 
in a large metal bowl which acts as a settling chambe-r for the^fuel.* 



Fig 2-30. Fuel pumj^nd sediment bowl. 
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3. F uel pump . One of the most cO|nmon fuel pumps is the mechanically^tivated nonpositive,. 

diaphragm type (fig 2-30). Rotation of an eccentric on the engine camshaft actuates the rocker ' 
arm, which pulls the diaphragm. down against the presaure of the diaphragm spring, Thlfl 
^.reduces the pressure In the pump chamber and permits gasoline to enter. The diaphragm is ' 
moved up on its return stroke by the pressure of the diaphragm spring, and gasoline is forced . 
to^he carbufetor, AWhen the carburetor bowl is filled, a back pressure is created in the fuel 
pump chamber, holding the diaphragm down ^gainst the spring pressure. It remains down 
until the carburetor needs more gasoline. The rocker arm and tl^e pump lever (link) are in 
two pieces which operate as a single unit when the diaphragm is moving up and down. However, 
when the diaphragm is heldvdpwn, only the rocker arm operates in the normal way. This is 
possible because the rocker arm operates against the link' only in the downward direction. 
Upward movement of both parts ie by spring pressure. It is this operation which makes the ^ 
pump nonpositive. The principal problem encountered with fuel pumps is the wear and de- 
terioration of the diaphragm, Which is composed of several layers of especially treated cloth 
that lis not affected by gasoline^ Some fuel pUmps are equipped with hand-operated priming 
levers which may be used to pump fuel to the carburetor after the engine has been idle for a 
Long time. This reduces the drain on the battery caused by uslng^the regular fuel pump action 
to prime the fuel system and deliver fuel to the carburetor. 



Ay Carburetor (fig 2-3lj!| The carburetor is 

that component on a gasoline engine that 

meters thi? fuel and mixes it with the air. 

The opening through ^hich air enters i^B5* 

cay^edthe air horn. The carburetor il- > 

lustra\ed is an updraft type so called 
^ because it is located below {he intake 

manifold and air tmveis upward through . f 

the carburetor. In the air horn^ you see ' 

the choke valve. The decrease in size^f ''o 

the air passage^ or restriction, i^ called 

the venturi. This causes the air ^passing 
^'through i{Jfc^ow with gre^ater ape^d than' 
- ^ it would v^BBiJt the restriction. The diST 

charge nozzle connected to the float chamber • ' • 

by a fuel passage pei^its Ijlquid fuel to 

enter the air stream)' The throttle valv^^is 

located in the carburetor throat betweeuMie discharge nozzle arfd the intake manifold which 

delivers the fuel-air mixture to the^Hndivldual cylinders. The choke valve allows the operator 

to vary the richness. of the fuel-air^mlxture as an aid In cpld-weather starting. Under normal 

operating conditlons^^e choke valve is wide open aj^ /ghown in figure 2-32. ,When start log the 

' 2-31 ' ' ' ' . 




CNOKI VALVf 



Fig 2-31. simple carburetor. 
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engine, you. can obtaip a richer fuel-air mixture (more f\jel) by clbalng the choke, valve ae much 
,as necesaary. This reduces the flow of air through the carburetor' and increases the amount of 
fuel flowing from the discharge i^zzle, A "full" choke (valye completely closed) will stall an 
engine In a few seconds unless the choke is. gradually opened i^ither manually or by a semi- 
automatic safety. valve or spring-loaded cnoke. Fuel mustr^Save oxygen to burn. ^TKe throttje 
valve in very similar to the choke valve but, as its name'in^plies, it is used to throttle or 
control the speed of the engine. It does this by varying the speed of the air flowing through the 
venturi of the carburetSr, This in turn controls the amount of fuel drawn llnto the air stream 
from the discharge nozzle. Under normlal operating conditions, the throttle valve is the only 
carburetor control used. Throttle operation is generally controlled by a foot acceleratgr, a ' 
hand throttle, or a governor. Most throttle linkages are adjustable, and.a throttle stop screw 
is generally provided for adjusting the engine idle speed. The float and needle valve combine 
tp maintain a constant fuel level in the carburetor during engine operation. The float is ad- 
justed to a predetermined level during manufacture.' When the float drops due to low fuel level, 
the needlte valvcj is lowered from its seat, allowing fuel to enter under pressure of the fuel 
pump. As the fuel level rises, the float also rises. This brings the needle valve up into its 

seat, closing off the flpw of fuel. 

• ■ * " fl 

5. Maintenance. 



a. Adjustment . Most of the carburetors 
that you will come in^ontac.t with will 
be similar to the downdraft carburetor 
in figure 2-32, It has two carburetor 
circuits. An icUe- and low-speed cir- 
.cuit, and a n^fVi nozzle fbir n«^mal - 
operation,- .^e main nozzl^ is nonadjqst- 
able, but tjie idle circuit la^^ovlded with * 
an external adjustment sci'ewVVThe idle- 
speed screw i0 adjusted to provide the 
correct fixture to enable the engine to 
idle smoqlhly. ; TM's jjrovide det^le^ 
instructions on adjustment of the idle ^ 
screw. As a {general rule, the screw 1& *^ 
turned all the way in, then opened approx- 
imately 1 full turn. Correct adjt^stjnent is 
obtained by turning the screw in until the 
idle is rough from fuel "leanness, V then 
turning the needle out to tfte richest pet- 
ting at which the engine idles the smoothest. 
The engine idle speed may be Increased oV 
decreased for best idle speed by adjusting 
itfte throttle stop setscre#. ' 

b. Troubleahooting gasoline fuel systems . 




Fig 2-32. Constant-ippeed, 
doWndraft carburetor' . 
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- £x<fes8ive fuel consumpt;DMi can result from a high float level> a l^ky float, or too 
rich an idling mixture. ^ " 

- A sluggish engine^ may result from a low float level, dirty or gummy fuel passaged, 
o^ a clogged air cleaner. - ( " * 

--Poor idling, often characterised by the stalling of thl^^gVie, uslally is due to too 
much fuel, a defective choice, or an incorrectly adjust^ idle-speed screw. 

- Failure of the engine to start may be caused by clogged fuel lines, an incorrectly 
used choke, oi\ air leaking into the intake ^ manifold. 

' Slow engine warmup may indicate a defective choke. 

- A smoky, black exhaust indicates a very rich air-fuel mixture. 

' l^talling of the engine as it warms up could be caused by a defective oi^. closed choke 
valve. . ' 

f 

- A backfiring engine may be due to an incorrect, often lean, afr-fuel mixture reaching 
the engine. This condition may be caused by clogged fuel lines or a^ fluctuating fuel., 
level. 



Diegel . T>ietel engine fuel syBteiTis do not mix the fuel and air before they enter 
the cngihc cylinder. The fuel injection system ie deeigned to deliver only fuel lo ch^ 
(proper cylit1|er at the correct time. Operator services t*- the fuel system are lin^lted 
prlwirftily to the servicing of the fuel filters and strainers, Diesel-fuel systenis 
are cornpllcated n\ecl>anisn78, but will generally provide ^xceHjent service if clean 
fuel \m used and the flltecing devices are serviced properly. In the Detroit diesel 
engine .fuel system (fig 2-33), a positive-displacement^ gear- type fuel pump draws 
fuel from the fuel taAl, ..through the fuel strainer. The Btralner is equipped wfth a 
check valve which privents fuel from flowing back to th^ tank when the engkie is «hut. 
down. A relief valveVn the fuel pump bypasses fuel from the. outlet to the inlet 
side of the pump whenever excessive pressure develops. This valve optens at a 
pre*ssure of 65-70 psI.AAfter leaving the fuel pump, the fuel oil paiises throHgh the 
fuel filter, into the inlet manifold,, and then the individual injecton*, through' the . 
Jumioer lines. Unused fuel is returned to the fuel tank through the j^jmpfer lirles and 
the outlet manifold. restricted e\bow in the outlet manifold com blr\^ii with the 
prc^ssure relief valve in the fuel pump to maintain a spCtlfied pressure lo'the fuel 
systej^. More fuel is pCimped through "the syst^ than can be used by the engine, 
thus c<f)ling and Lubricating the injectors and pW'vlding the engine wltlj a self-bleeding 
6apabillty. ' / ) " 




Fig 2-33.* Diagram of a topical Detroit diesel eqgihe fuel system. 
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(2) Servicing. To insure that there is an adequate alipply of fiiel, the operator must use 
^ gre^t care m^ii servicing the vehicle. Use only olean, approved fuels for the type 
engine bViag serviced. Ke«)> the fuel clean; ^use clean fcontainers to transfer thetuel 
knd keep the openings closed when not in use. Keeping the vehicle tank full will help 
' i*educo condensation. The propter servicing of the water trap, strainer, or filters at 
. , prescribed intervals wiH prevent foreign Materials from entering the engine. Different 
^systems require some specific maintenance that is peculiar to that type df system. 

<i ' ■ 

(a) Gasoline. Most carburetors , have a strainer or. a ceramic type filter located behind 
the riut where ^he gas Une connects to the carburetor Jn addition to thos* discussed 
earlier. .This Wlter jpiU eventually become clogged with dirt and debris and shut off 
the fuel supply ior the engine, A slight leak on' the suction side qf a fuel pump may be 

- ^ sufficient to cause the^ gasoline engine to loose power. Worh fuel pump parts will also 

caune ^ loss of power and, in some cases, Rasbllne cart leak tn<^ the orankcase, creating 
^ danger fxx)m crankcase expldsion. ' ^ ' ./ 

(b) Oiesel. Cleanliness of the diesel fuel pystem is afso very critical. The fuel injection* ' o 
parts are machined \o such precision that, when separated, the heat from body tempera^ 
ture will prevent their fitting together. Imagine what dirt and rust can do to these 

• pax:iB, ■ This is one of the reasons that the diesel system uses so manv filters. Tne 
water tr*ps aAd strainers are drained daily before attempting to crank rje engine. 
This procpdure will drain off any accunjjulated wWer or' dirt that has settled, thereby 
prolonging filter life and providing clean fuel to 'the injection system. The fUel filter 
and strainer elements ar^ usually replaced on ag h^ourl^ schedule but if conditions ' 
warrant they ar*B changed when ne55essary. When changing the filter, strainer, or 
cleaning the sediment bdyf^ be sure the parts a^e thoroughly clean, new gaskets in- 
stalleii, and that parts arellght. Sdme systems such as the Detroit diesel require • 
that the strainer be fille.d with fUei: This is to reduce the cranking time and also to 
insure lubrication of the injection parts. 

^ f. Governor. This Is a device that Will automa/lcally control, within specified llmlts^the 
speed of the component for which It was designed. The- engine speed governor controls &t lim- 
its engine speed or output in two steps. It fW Pleasures jenglne speed and then changes the 
fuel control to bring^he engine to the desireTspeed. There are seyeral types of^governors, ' 
but for the purposes of this course only the mechanical engine Spied governor^ will be dlS9US8ed. 

" -il) Principles. Any change in the load on an engine lmmedl^tel5r changes the engine speed. 
engine receiving a^constant an^ount of fuel.wlll operate at a constant speed If the load tto 
constant.. If the load changes, the fuel must change or the engine spee^jl vUl. change. The 
time required for an engine to change from one speed to another Is affected by the Imertia 
^ of the engine's flywheel and other nioving parts, A large heavy flywheel requires more 
time to change speeds than a smaller light flywhfel. Governor flyweights connected to 
a rotating Shaft will prpduce a centrifugal force prpjiortionate to the speed/ ^s the shaft 
rotates, the weights {end to move away from the center. You can demonstrate this prin- 
ciple by using your ID, "d6g tags." Place the cfiirtn ov5r your finger and sw^ng In a 
circular motion. Notice that the faster you swing the more horizontal the tags befcome 
and that there 1^ more pyll on your finger. The«e basic principles are employed by^ 
mechanical arid hydraulic^englne speed governors. ^/ ; - 

<2) Mecha;ilcal governor <fig 2-34). The firat action Of the governor is to accurittely measure the 
speed. . This Is permitted by the ballhead (flyweight) mechanism whlch.ls rptated tfy 
gears^at speeds prt^wrtlonate to the engine speed; any change In Jhe englrie speed ^iU * 
„ affect the rotation speed of Ihb baUhead. To oppose and bajlance the 'cfij^rifUgal fprce, / ^ 
a spring is used. As the c«sjitrlfug«l force causes the weights to move oiit, the spee«Jer 
spring Is compressed. When the centr^gal force and the speeder spring tension are 
balanced, .the engine speed is normal ^or that i(overnor, The toe of the ballarMhas ' 
moved a certaiit distance ahd the fly^reights have takenjte def(nite position in relftion to 
the axis of rotation. The second step of the governoH- 1$ to contr<jl the fuel.' This is *^ q ^ 
accompUshed \}y jjlacing a fuel control rod in Contact with^ th«'l)all«rm toe and the sprlhgT^ ' 
• Any movement caused by tljielr actiorfls transmitted.to the fuel control. . Study fig «.35 * 
^ • a"nd you should'see that if the flyweights move outward, the speeder rod tfuel control rod) " ' 
vrlllpe lifted, and if the flyweights are forctfti* inward by the <pring .tension, the speeder 
, rodJrlU move down. .Through linkages, the ^eder rod Is attached to the engine fUel • ^ 



control (throttle). Spring tension causes the engine to receive more fuel and to sp^ed 
yp. The flyweights try to slow'it down! " ^ ' 
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Section II. POWER TRAINS > 



3.. BASIC POWER TRAINS t 

a. Purppse . The mechanism that transfers engine^'pow^r to t^e driving wheels or tracks of a 
vehicle is known as the power train. This power train is made up of gears, shafts, and bearings 
combined into various assemblies which enable the operator to Ijontrpl the speed and direction of 
the vehicle* Power trains are generally classified as either wheeled y^ehicle or tracklaylng. 
Operator services to most components consist of visual inspection for leaks, maintaining 
correct oil levels within the various housings, and proper operation. Correct lubrication is a 
must, but proper operatio'n is equally important. Construction equipment is rugged, but operator 
abuse (clashing gears, slipping clutches) will materially shorten the effective life^of any piece of 
equipment. A good operator knows his equipment and makes it work for him, not against him, 

b. Wheeled vehicle . The development of wheeled-vehicle consi;^ruction equipment has made 
tremendous strides \n recent years. Military construction equipment has kept pace with civilian 
efforts and an increasing proportion of the equipment you will operate will have power trains 
sinxilar to that i^ figure 2-35. Examine the figure closely and trace the flow of power from the 
engine to the wheels. . ^ • " 




(1) 



(2) 



Clut^, SThc first elen)ent In the power train "is the clutch, located between the engine 
and the tranamlaaion.. *y means. of the clutch, the operator can disconnect the engine 
from the ^^.Inder-of the power'traW Thta ia neceaaary for starting' the engine, for 
allowing the vehicle to stand a*lll while the engine Is runnfn|^ for gradual engagemeht 
of the engine to the power train, and for permitting the operator to change transmission 
ge.ar ratios to meet varying road conditions. Clutch operation and adjastment will be 
discussed In detail later In the chaptei-. . ' ' » - 

> ... : ■ . . 

Torque converterg (fig 2-36). tcfrque 
converter*, a^orm of fluid cou pling 
.which takea the pl^ic of the clutch y 
aaeembly, have come into wide uee 
in conjunction with automittic trana- 
miflsions. For^some applications 
the torque converter is used with a 
clutch. The principle of fluW drire 
can best be lUuistrated through the use of \ 
of electric fans which are faeing each " ^ 
other. If poM»r i» qphnected to one fan, 
the air blast from this fan will cause thp , 
other fan to rotate until both are running 
at approximately the same Bp^ed. "This \ 
same action take^ place tn fluid iriye, ' , ^ 

except that oil insii^ad of air 16 used to transmit the ^er, torque converters consist 
of three basit eleh)>ma: the pump (driving member), the turbine (driven member) and 
the stator (reaction member). Varying numbers of stators are employed to provide dif- 
ferent degrees of torque multiplication within the unit. 




POWER DISCONNECTED -POWER CONNECTED 

Fig 2-36. J>rinciple of fluid drive. 



(3) Transmission . The transmission 
is the next unit in th^'power train. 
Basically, the transmission is a 
set of gears enclosed in a metal 
housing. It provides the operator 
^ with "a selection of speeds, ahd per- 
mits^the disengaging and reversing 
of th^. flow of power from the Engine 
to the wheels. The tran^mfssion 
provides the mechanical advantage 
that allows the engine .to move the 
vehicle under varying load conditipns. 
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Fig 2-37, Four-speed trudk transmission, 
(a) Slidlng>gear (fig 2-37), The spur gear, constant mesh, and synchromesh type trans- 
missions are used in the different items of engineer construction equipment. \The 
operator must disengage a clutch', select the -gear ratio, and slowly engage the clutch 
to cauae the power to flow. 



(b) Torqmatic . The torcjmatic transmission is becotning moin^ popular in the newer items 
of equipment. It is a planetary gear aystem that uses* hydraulic pressure to engage and 
disengage tfte different planetary parts for the desired gear ratio and direction. By ♦ 
using the torqmatic, which is an Automatic transmission with a torque converter, 
greater tdrque multiplication is achieved. Speed and direction is easily selected by 
' the operator. ^ ^ 

(4) Auxiliary tranamlaaion and transfer caae . An auxiliary transmission and transfer case 
is usually fifed in construction equtp^nent to provide an additional gear reduction, to 
• provide power to the front wh/eels on all-wheel drive vehicles, and to furnish power ^ ' 
for auxiliary^devices^^such as a winch. It is connected to the main transmission by a* 
shoVt prop<jlier shaft (Jack shaft) and unlveraal Joints. Basically, it is an additional 
gear tr|jin which provides a low^'speed range, and" permits power to be applied to the 
front wMi^ls when necessary, "^t is sometimes referred to as a "drop box, " because 
it provides a means of lowering'the power train enough for the front propeller shaft 
to clear the engine. * , 



(5> PfopelUrl^hnft . Power, !• tran»mitt«d from the tranemiSBion to the rear ends of vehicles 
by the propeller shaft* The meana of transmitting power muet be flexible, becaue^ the 
driving axle of the vehicle la attached to the apringa and ie free to move up and down 
whUe the tranamlA^on ie attached tb the frame (nd cannot move*. ^ Any.tipWard movement 
of the wl^eia^ when the vehicle travels over rough ground, would 'ehot^t'egjhe dv^ance 
between the rear end and the traiiamiaeioi).^To compensate for this changing dietanc^, 
the propeller shaft la fitted with a alip Joint (spline) that is free to jncyve back and fJSrth 
<flg 2-38), Another device used on the propeller shaft ia the universal Joint which per-"^ 
mita power to be tranamitted thVough an angle. The angle between the engine crankfhAft 
^x\m and a iinj^to the axle will change as the vehicle moves over rough ground and as"^ 
the load is increased or decreased. The universal Joint provides the flexibmty needed 
in the power train. 
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Fig 2-38. Slip joint and qommon type of universal joint. ^ 



(6) 



Differential (fig 2-39).. The' differential, or the rear end as it is generally called, ie 
enclosed and attached to*the axle housing. It changes the direction of the power flow 
90*" and transfers the power to the axles; It divides the power to the two driving axles. 
Due to?ta construction, it alto permitjs a difference In rotational speeds of the axles, 
ft permits the wheel with the least resistance to spin or rotate faster. 



Final drive. This device trans^mits 
,the tx>wer flow from the propeller 
shaft to the differential and, at the 
same time, provides a further gear 
reduction. The final drive is encased 
in the carrier housing and consists 
of two geitrs: the bevel drive ]5inion 
and the bevel drive gear. The pinion 
receives the power flow from the 
differentii^l an0 transmits it to the 
bevel drive gear which is bolted to 
'the differential case. 
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Fig 2-39« Differential with 
part/of case cut away/ 
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T.racked vehiclea. 

. '■ ' ■ • ^ / . 

(1) Compar i sion to wheeled vehicle , P,o^er trains of tracklaylng or crawler equipment 
(fig 2-40) perform the same function's those on wheeled vehicles. The difference is 
that crtiwlei;* pov^er trains are designed to provide greater g*ear i^ecjuctio^, withstand 

/' more rugged treatment, ahd ,are heavt«r and sturdier in construction. ^>ome track 

vehicle power trains do not use prop^lt^er shafts and diffefe*ntials. "This reduces power 
train length, and power^ flows directly (rom the engine, through the clutch and trans- 
mission, to the bevel drive gear. When'thei-e is no propeller shaft or uiyh^f^rsal joints 
the'components must be kept tlght'and alined. The power Is distributed to both tracks 
through the steering clutches to the sprocket drive (final drive), the spr^ket, ai^ici. 
finally to the track chain. . , \ . 
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(^) Steering. 



ower flow in a crawlei^-^tractor. 



'^(a) Steering of tracked vehicles can be accomplished by any method which will stop or 

slow One track. Some tracked vehicles', such as the ^37 cran^-shovel, 'use a differ- 
• ^ ential and brakes while others may use clut<?hes and bi^ikes or planetary systems. 
>^ The M37 crane-shovel caVi be turned by applying thtf brake to one propelling shaft, 
' stopping that track, and c;ausing the differential to react. TTie 2N crane-shovel and 

the 82-30M crawlpr-tractor do t}Qt have a differential. They^use a clutch to break 
' the power flow to a tracl^ and a brake to s^top and hold it. \ - ^ 

i 

{by Some of these steering systems are a part of another power train component. The 
steering clutches used to steer thcr 82-30M'tractoi'are a part of the reduction geaHng 
The Case MC 1150 scooploade^ steering system is a part of the transmission. It is a 
planetary type aystem that provides a method of breaking the flow of power and on this 
particular* tractor it is also usfecj to reverse th^ rotation of the power flow to on>e*br l>oth 
tracks. It is po88ible|to power/one track in reverse while the other is being powered 

forward or to break tne flow of power and hold one or both tracks. 

^ * ■ / 

(c) There are as many methods of actuating the steering system as there are types of 

system^. The tracked vehicles u«ed by the Marine Corps are actuated by mechanical, 
' air, hydraulic, or hydraulic hoosted methods. 

(3) Pinal driv€ . Final gear reduction takes place in the tractor final drive which drives^ the 
sprocket that drives the track cbain. A small drive pinion gear transmits the flow of 
power from the steering clutih yo a large drive or bull* gear which in turrt dHves the 
sprocket. ^ ^ 
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2-4. ENGINE CLUTCHES 

An an engineei* eqilipment operator, you will come in contaat with two types of engine 
clutches: the automotive or foot clutch^ and the hand-operated sni^p-over^center clutch used on 
crawler apd stationary equifSnient. l^he components and the functioning of both types |ire similar 
However, adjustment of the clutches to compensate for normal ^ear is different and will be 
discussed separately. ' * " v 

t ' -J* * 

a. (general . ; 



(I) 



(2) 



(3) 



\ 



Operation (fig 2-41). Cli^tches generally transmit power by bringing one dr inore rotat- 
ing drive members, attached, to t'he crankshaft, into gradual contact with one or more 
dri\ffen membeVs (platesX secured to the unit b^ng driven (transmission, gear train). 
Contact is made and Held by strong spring'pressure which is controlled by J;he driver . 
with the clutch pedal. With onlyV light spring pressur^r pedal depressed, there is ^ 
little friction between the plates which. permits a great deal of slippage. As spring 
pressure increases^ friction als'o increases, and less slippage occurs. When the opera 
tor removes his foot from the clutch, and full spring pressure is applied, all slippage 
st^s, and the speefd of the driving and driven j^l^tes is the same. There is then a , 
direct^onnection between the driv^g and driven members. 
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Exploded and cross-sectional vie^vs of disk clutdh. 



Driving members The driving members of* a clutch usually consist of two cast-iron 
platea or flat surfaoes machined and ground to a smooth iinish. One of these surfaces 
is usually the* rear face of the flywheel* The other, a Jieavy flat ring known as the pres- 
sure plate, is a part of the clutch at^sembly which Js bolted to the flywheel. 



Driven member (fig 2-4^): The driven . 
member, commonly called a clutch 
plate, consists of a steeH disk with ,^ 
linings riveted or cemented to it. 
It is these linings or facings which 
wear during normal operation. Periodic 
clutch'adjustments are necessary to 
compensate for this wear, AbViormal 
operation^ as when the operator rides 
or slips the clutch,jWill rapidly wear 
out the clutch facings and require % ^ 
continual clutch ad justment .and eventual 
replacement of the driven member. 
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Fig 2-42. Clutch driven 
plate with flexible center!^ 
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Maintenance. 



Proper operation and service are the beat insurance that an operator will 
I the clutches 'i>n the vehicle assigned. Like all mechanical pafts, the clutch ' 



good service from the clutches *6n the vehicle assigned. Like all mechanical parts, tne ciutcn 
will wear/ However, If^e rate of wear decreases when serviced and used properly. The rate of 
wear is very slow on a clutch that has been properly talbricated and properly used. If H^b ovei*- 
lubricated, the lubricant will get on the parts fhat should not be lubricated. If it is not lubricated, 
the bearings will wear rapidly. If lubricants get Qn the friction surfaces <item 1, figure 2-43 A / 
and B) pf the. clutch j>late, it wilKsUp causing rapi;! wear, overheating, and •other clutgh problem!.^ 
Renting you/foot on the ciatch pedal or partially engaging the snap ovei*^eenter clutch control levy 
yiU cause the release bearing (item 7, fig 2-43) toKjontact the clutch levers <item ft. fig 2-43). 
This will partially disengage the clutth causing it to slip ahd cause clutch' disk, ^eleatie bearipg, 
and levera to wear more rapidly. An improperly; adiuited clutch Is about the same mm restiM your 
foot on the clutch pedal; the free travel is not enougH to allow the release bearing to move batk 
away from the clutch levers so that the ciutch springs (item 3, fiff 2-43) can force the pressure 
plate '(item 2, fig ^-43) against the clutch plate. As stated previbusly, the cl^tteh disk will wear; 
as it wears, the free tritvel xiecreases to Ae point that the clutch fails ^ fully engage. Stu^y flgure 
2-43A and 2-43B and visualisej^ow the*clutch is engaged and disengaged through the linkage, pay 
particular attention to-the levfVs, their^pivot points, the direction of travel qp.each side of the 
pivot, and the parts that must Inove or come in contact. Note the pedal ahd its pivot poiitt (12) 
and visualize the direction the Unkage will travel when the pedal is depressed and when released. 
iJote how the linkage (10) Is coiu^ected to the lever mnd the yoke to the release bearing (7); visualixe 
the direction that the reW^pe bearing will movf and that the lever pivots (8) when the pedal and 
linkage are moved, Not? the clutch levers (5) in the clutch assembly, how they connect to the 
pressure plaflb (2), and hQW they plvpt (6) when moved from the clut9h disk (1) wekr or when con- 
tacted by the release bearing. Visualize how the distance between the\nywheel and ttje pressure 
4>late can decrease as thp dutch disk wears. This will allow the pressure plate to move closer 
t6 the flywheel, moving the clutch levers attached to it, causing them to pUrot arid the free ends 
to move closer to the release beaming. When the free ends contact the re||fase bearing,*' there is 
no free travel at the glutch. pedal. As long as there is sufficient free trtvel and the clutch is 
properly used and serviced, the clutch springs (3) will force the pressure plat^^tpward the fly- 
wheel and squeeze the clutch disk. Note how the pressure plate is held 'back in figure 2-43B 
because there is insufficient clutch pedal free travel. It must be emphasized that some clutches ^ 
are different from the simple linkage illustrated in figure 2-43, but the principles are the same. 
By studying illustrations and information in the'TM*s, you can determine the correct amount of 
free travel and yher6 to.make the adjustment. 

• / • • ■ 
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1. Clutch disk 

2. Pressure plate 

3. Clutch springs 

4. Clutch lever pivot (pressure plate) 

5. Clutch lever 

6. Clutch lever pivot (backi|ig plate) 



B \ 

7. Release bearing, lever and yoke 

8. Release lever plvbt 

9. Backing jflate (bolted to fiywheel) 

10. Adjustable linkage 

11. Ped^l return spring 

12. Pedal p^^ot 



Fig 2-43, Illustration of correct and Incorrect clutch pedal free travel. 



(1) Clutch-pedal adjustment . 

(a) Clutch-pedal adjustments make up for normal clutch facing and linkage wear, 
will have' ad justing d^evicea similar to those illustrattsd in figU9# 2-44/ ^ 



Most clutches 



(b) The toeboard clearance screw, 
shown in the diagram, should be 
adjusted so that the pedal arm has 
1/2 to 3/4 in, fxee. play from the 
underside of th^ pedal to the toeboard. 
A clutch-pedal return spring returnsv 
the pedal to the normal engaged \ 
position. \ 

' )fe . ^ ' 

(c) The screw adjustment in the tie rod 
between the pedal and throw out lever, 
is where the adjustment is made for 
clutch facing wear. After loosening 
thd^lockiilg nut and unfasteninj; one 
eifd of the tie roj^, the length W the 
roWcan be inc /eased or decreased 
by turning the loose ^t\d. The amount 
of free pla^ or correct pedal aduist- 
metit is usually designated bjr a Speci- 
fied distance, 3/4 in« , or by mi^mum and maximum adjustment holes in the pedal arm. 
You can ^ftel tKe point where free movement ef^ds by the increased fpbt presiure required 
to dsepress the pedal. If you leave* the clut^ ped|il with too little free play, it will cause 
the throw out bearing to ride on the pressure plate fingers, causing clutch Slippage and 
damage to the pressure plate and throwout bearing. Too much free movement may keep 
the clutph from completely disengaging, making it hard or impossible to shift 'gears. 
After^ou make the adijustment, be sure to ti{fhten th^ locknut and refasten the clevis pin, ^ 
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Fig '"44. Clutc);i>-pedal adjustment. 
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(d^ You undoubtedly will encounter variations of t^e linkage adjustments di^bubsed above, 
' Kut they '^r^^ not difficult to understand. , Equlp|pent TM^fl' provide speojfic instructions. 
A few points to remember include: ■ ^ * . < 

^. V . „ 

* 1* Fre^ travel becomes less as the clutcJfgKlwB weac^r/iij othqr-w^ords, the clutch 
~ pedal has to bo released farther befoij^^HfeLMe >yul'mpve. 



Do not slip the engine clditch. "^^l 
mOve a heavily loaded vehiole ]withoXit r 




mission dpe^d which will permit-you.to 
the engine and slipping the clOtch. . 



3. Dojiot "ride the clutch. 

*>* 

(2) Hajid- operated clutches , 
(a) Adjustrftent , ' ^ 



Keep^roMr^ifeet on the floorboard, not' the -clutch. 



^7 



U As an equipment operator you will come.ln contact vitft^J^irariety of makes and models 
of hand-opf^rated clutches in tractbrs, craijes, and stauohary equipment. The internal 
working parts, the driving and driven memtjers, are similar to the automotive, clutch^ 
but the operation and adjustment are slightly dlffeVent. > 

♦ N ' 

2. The clutch is engaged and disengaged by a clutch lever. The ^utch tpechanism has a 

~ snap-over center action which will hold the lever in either posftion when the operator - 
removes bis hand. Correct clutch ^adjustment is usually specified as either a distinct 
snap-'over-center action <pr as so thany pounds-of pull required to engage the clutch. 
The clutch should be adjusted when It fails to meet these specifications or when 
noticeable slippage takes place when the equipment is operating under load. Continued 
operation with a "loose** or slipping clutch will cause excessive clutch plate wear and 
may permanently damage the pressure plate and flywheel ^urface^ Most clutcljes of 
engineer crawler equlpnient are adjusted inside the clutch compartmem. 

■* ' ■ • 

3. To adjust the Clutch, remove the clutch 
cover and slowly crank the engine until 
the adjusting locking device appears 
(fig 2-46). Loosen the locking device 
and using a pry baj, (or if necessary, 
a hammer and brass drift), turn the 
adjusting ring in tM appropriate di- 
rection to tighten the clutch. This 
direction will vary with different 
makes of clutches. When the clutch ^ 
has been adjusted, reposition and re- 
tlghten the locking device and replace 
the clutch cover. 




\ 



(3) Lubrication, Engineer equlpnient clutches will ^generally require some type of lubrication. 
This lubriclttion consists of applying grease to either external or internal grease fittings 
* (fig 2-46). The externally Ideated fittingfi pose no particular problem, however,^ the 
Internal fittings are located on the clutch^itseU* To lybribate these fittings, the clutch 
compartment cover mu^t be removed and you must crank the engine ovex^ to l)ibricate 
all the fittings. Care must taken to lubric^ate every fitting oik. the clutch assembly. 
£^ not overlubricate these flttlngai Ex'cesslve.lubrlcatlon may cause a slipping or 
grabbing clutch action. Clutch compar,tm«ntB are eqlilpped witli draiVi pltigs for removing 
excessive oil that finds Its way into the compartment from either the engine or the'trans- 
mission. If oil is leaking into the clutch compartment^ it indicates worn or damaged 
engine or transmission oil seals and you should note this on your Operational Record and 
inform your equipment foreman. ^ , 



2-42 




Remove operi^toWs platform and 
engine clutch cover^. . Crank engine to 
rea^h each fitting. Lubricate every 
50 service hours. NOTE: The following 
nun^bers refer to figur^ 2-46* 

1. Cynshaft bearings; Crank engine 
ifo reach each of ^e three fittings 
anji apply onfe oi^ two strokes of ^ * 
^e^ub<>i9ator, * ' . 

2. Releajje sleeve; ^pply three or 
'four "strokes of the lubricator. 

3. ^ Release bearing; Apply three or 

four strokes of the lubricator,. 
^' Pilot bearing; Apply five or six 

Strokes oCthe lubricator. 
5. Universal^ joint bearing; Aj^ply * I 

three or fdur strokes of the ' 

lubricator. Fig 2-46. Engine clutch lubrication points. 

2-5, • TRACKED VEHICLE STEERING SYSTEM , 

G^"grai» To*turn a tracked vehicle, one of the tracks must be stopped. This can ^ done 
by disengaging the steering clutch to stop the power from going to the track and then applying a 
brake to hold the track, keeping that side of the machine /rom moving. 

The principles of operation are similar between l^akes and clutches. The major differences 
between the two are that the clutch transmits power and both friction surfaces are free to move, 
while a brake stops rotation and one friction surface is stationary. Some of the later models of 
tracked vehicles use a planetary gear system to Stop the flow of power, to reduce the gear 
ratio, or to reverse the output. For example/ some tracked vehicles have a steei^ng system 
that the operator can place one track in low range while the other is in high range or he can 
re^rse one track while Ihe other track is moving forward. ^ 

.b. Steering cluteli. ' • 

(1) General.' A multiple^disk clutch is one having more than three' plated or disks. Some 
have as many as 11 driving disks and 10 driven diiiks. The multiple-disk type of clutch 
has a greater fricti\>nal apea than a plate clutch, and is best suited as a steering clutch 
on crawler- tractors/ Operation is slmilat to a typical automotive clutch. It is spring- 
loaded so that it is normally in the engaged positiop. Steeripg clutch levers enable the 
the operator to disengag^\^me clutches and stop the Iflow. of "power to either or both tracks. 



(2) Crawler cojitrols. Steering of the H|^e ^C 1150 scooploader is accomplished through 
clutches located within the power shift transmission. On this-vehicle-the clutches are 
called crawler controls because they control the direction of travel (fbrvlard and reverse) 
and the steering of the tractor (right os left). There are two clutches an^ one brajce to 
•control each track. The clutches are multiple-disk type that are engaged by hydraulic 
jpressure and released by spring pressure. The clutches^operate in the transmission 
oil and are wet type. Since they are enf|igej^^y hydraulic pressure and cooled an^- 
lubricated by oil, there is very little wsttr and no adjustments are provided. The 
ateering4>t*akes are located to the front of the tractor and also operate in oil. There 
are no operator adjustments for the brakes even though they are controlled through ^ 
• mechanical linkage. ^ ^ * 

. ■ . . . . . ' 
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(3) Steering controls. The steering of the 82-30M crawler trac4or is accomplished through 
steering clutehes locked, in the reduction gearing case. The steering contrpl levere actuate 
mafter cylinder whioh tranamite hydrduUc pressure to a clutch and brake control' valve 

to disengage the 'clutch and engage the brake. Hydraulic pressure from «ie torqmatic 
transmiMion engages th^ plutches which operate in oil. The steering control hydraulic 
system is a separate system from the hydraulic system that enga|[es the clutch. The 
steering control systern replaces the mechanical linkage as used on other crawler trac« 
tors There are ho operator adjqftments on the. steering clutches or the parking brakes* 

(4) St eering qlutch booster. Consideriible effort on the operator's part would be needed to 
dlsenga^ the steering clutch Jevers unless some form of booster or aid were used. It may 
be either a spring or a hydraulic bopste^'. *BoO$ter springs were used* extensively on older 
model tractors. Adjustment of the springs was relatiVely simple and was usually done , 
onjy 9ne time. Hydraulics are used widely today and require relatively little aijustmenis 
aAd icri^cihg. It iS; very impotj^nt ^hat ^care be taken to us«.<5lean oil when servicing the 
units.. T>hc ac^justn^fen|s to the booster only affect the ease with which the control levers* 
are moved, not the i^ctlon within the steering clutch assemblies. Adjustmpnts for the 
Case MC 1150 ecooploader artd the B2-30M are performed by specially trained personnel. 

(5) Maintenan ce, the steering clutches and brake* of the newer crawler- tractors require 
little or no operator adjustments, but the hydraulic Systems must be carefully maintained. 
They m^st be kept filled to the pr. per level wjlth the correct oil at all time|i. The system 
must be protected from foreigil^matte^ such as dirt, water, and small particles ^ 

that would damage the system. The clutch compartments must be kept as dry as 
possible and the parts lubricated as specified by the TM, Othpr tractors ar^ simi- 
lar and specific Instructions can be found In the TM's. . 

c. Brakes and functions. Brake types, classifications, and principles of optoatldfi are 
simikrmo clutches. As stated earlier, the major difference between a brak^ andsi ^ 
clutch Is that a clutch transmits power, while a brake stops rotation. ,There are < Ifck, r- 
Internal-expanding, and externalj^tractlng brakes. The most commpnly used t: peft 
of brakes are t^e exterJial-contr^cting and Internal-expanding. The principal part 3 , 
of a brake are th^ shoes which have a nonmetalUc lining riveted or bonded to them/. They ; 
are normally aflgNiX^^^^ vehicle to'serve as the stationary member. The otter 
friction surfacel^k^lr^uaUy a machined metal surface on a rotating part^Th^ pa^s of one,^ 
type Qf internal^ri^^a^^ brake are shown In figure 2-47. 




Fig 2-47. Internal-expanding brake. 




(1) Bra ke control and operation. A brake can be controHed l5y the same methods as a 
clutch. As Indicated in figure'5-47, sonie brakes are designed to add additional presanre 
through their a9tion. Brake ayfltemfl are often referred to as s^ryice/^orking, trans- 
miaslon steering. andP operating. Service brakes are those used ^bi^topping or controlling 
vehicle ^peed under normal conditions. ;Parking brakes, used to' hold the machine yrhen 
stopped, are sometimeTs cAlled emergency brakes. Transmission brakes are used to 

slow or stop the transmission and power train parts for easier and faster shifting of 
transmlsaion gear's. Operating brakes are those used to control equipment ahd its 
attachments. Steering brakes are those used to steer crawler type^ equipment. 

(2) Stcverinj( brake adjustment . The brake adjustments for the Case MC 1150 are looated under 
The" rear floor plate. First remove the rear floor olate. then adjust the pedal free traveV 
as shown in figure 2-48. The free travel should be 1/16* measured at the floor plate. 
After adjusting the push rod, check thi? travel of the adjusting nnt? on the brakes by, 

i 'placing a 24'' fule on top. of the adjusting nut and depressing the brake pedal. The travel 
should be measured at the, seftt frame. It should be 1/8 (+1/16 or -1/32* ), 




(3) Servicing. ! Servicing the brakes of engineer equi.,.i»ent is probably the easiest part of 

the operator "maintenance. All that he has to be concerned with is that they are properly 
adjusted, that the linkage is free, that the hydraulic system is maintained to the proper 
level with the correct clean fluid, ^nd that the compartments of those braies that operate 
dry are kept free Of oil and- water. The hydraulic systems of the C^se MC 115*t) acooplo^dirr 
and the 82-30M crls^wler-tractor are easily maintained by keeping fluids at; proper levels. 
Four or five drops'bf oil in the proper place on the linkage pins will keep them free 
and preve^it binding.^ A thorough cleaning of the tractor will keep the dirf, grease, anjd 
debris from building ^p and causing the linkage to bind. 

2-6. TMCKS * ^ 

a. I^^duction . A tracklaying vehicle does just what its nam^ knplieS: it lays its road, 
theri picks it up and Aays it again. Because springs alone are too flexible to Support the weight 
of tracklaying equipment, their suspension system (fig 2-49), differs from automotive type vehicles. 
TrackUying construction equipment has a track roller frame assembly which pi^ovides a mounting 
for the track rollers, front idler, sprocket, track recoil mechanism, and equalizer spring. 
The "weight of the tractor is carried through the frame to the rollers. The diagonal brace or 
some other part on the inside of the frame maintains correct track frame allnement. Some 
arrangements allow each track frame to ope^^ate independently and to move up and down in re- 
lation to one another by pivoting at the Sprocket shaft; others are rigidly con^lected to the vehicle. 
The front idler, track rollers, idlers, and sprocket are used to keep the tryk up out of the 
suspefnion mechanism,' to guide the track, and to maihtain track tension. Ijarge track springs 
or other Systems such as j?as cylinders absorb shocks to the track assemf^l^y pernnltting the ^ 
front idler to recoil when it is subjected to heavy shock or load. 
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Fig 2-49. Tracklaying vehicle Quspenaion system. 



1 -Front Wler Aaeombly 

3- Rciooll Cylinder 

4- Track Chain 

5- TK;iick RoUor* 

6- Traok Frame 



Service and ]0fialntenaflce. ' .% 

y ■ ^ * . 

1) Checking alack in track chain. When backing the tractor, if the track chain is teo loose, 
it wilt tend to clinr4> the sprocket. If the chain is either too tLj^lit or too loose, it will 
cause undue weaVO^n the traok links,' piits^ ahd^u^hings, and also on the front idler 
bearings. Track chain tension can be checked by xneasuring the sag in the tracks be- 
tween the track idlers: - ^yhen this sag is measured, the track should be stretched 
tight/ To rextiove all slaek from the chain, pl^ce a wooden block under the foremost 
track shle lug and, with the tractor in low gear, .engage the engine <ilutch just enough 
so that the sprocket drive, lightens the trai;ck along th^ grouhd and around the sprocket. 
Then apply and lock the brakes andr^stop the engine. All remaining slack in tlye track? 
can be obt^eiined between the track idler s h^. having; a man stand on the track between^ ♦ 
them, or by using a sledge* hammer, to driVe the track down. Lay a straightedge alon^' ^ 
the track lugs, -the tr^^ck should have^ clearance of about 3/4 to 1 in. -or 1 to 1 1/2 in. 
(depending on. the mode} tractor)' betvy>en the straightedge and the track lug. If the clear-, 
ance is more or less than speciffed/n the TM, the tension should be adjusted, greater 
slack may have to be allowed ir) certain soils, such as beach sand, which tend tabuild up 
on front idlers and sprockets, thus lightening the track chain excessively. A^femthis 
happens, it lugs the engine down and reduces availal)le pushing powep. Too l^Mf ® 
track chain not only causes excessiYC wear, but may cause the track to leave the suspensloh 
syste^ or be thrown. This is. particularly true when the tractor i^working on a slope,. 

) Adjusting track chain tensi9gr <fnMk.50)* The front idler is moved forwaixi by forcing 
chassis grease into a hydraulic cylinder with a.standard lubricator or by press^lre of 
compressed nitrogen gas. Those units that use gas to force Ibe front idler out to 
tighten the track are loosened by forcing chassis grease in th^ front part of th€L;cyl- 
inder. To tighten the track, the grease is bled off until the correct track te^||fcjr) is 
^obtained. The lubricant and the gas used in these systems are under extreme pressure. 
When adjusting tracks with |hfese systems, you must be fextra careful because the force 
behind the bleeder plugs and grease fittings 
is sufficient to blow them out like a bullet. 
Check the specifications, procediires, and 
safety precautions in tm TM and service 
manuals before adjusting tracks on the Case 
MC 1150 and the 82-3(m crawler-tractors. 
Figure 2-50 illustrates how the CasQ MC ifBO' 
tracks are adjusted. 




2-50. Track adjustment. 
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2-7. ' OPERATING CLUTCHES' ATID BRAKES 



. a. GeneraU Operating clutches and HWkes are those clutches and brakes which are * . 
u'fled to control the various shafts and caWa drums on winches, p6wer control unite, and Qom- 
ponentB of other machines. Operating clutches and brakes are similar to the wheel brakes of 
your car and operate on the same principleis as the ertglne clutch. - The majority of" the fclutc'he 
and brakes ybu will come in cont^tct with on engineer construction equipment will be part oft a 
mechwiftil c^yntrol systenr. JEtfc>i clutch and brake will have a apecific name, butmhcfr are 
usually grouped under operatirij|{ clutches on inspectioh forms. Operating clutches and brakes 
^ave been grouped together because pf'the way Jhey are used, r^or example/ a type of 
brake tan be uQcd to hold one part of a planetray system and it will be called a clutchi The 
difference between a cjiutch and a bralcfe is that ^ brake is used to 9I0W down or coitipleiely ' 
stop rot%ti<Jp by friction, *rhile^the clutcfi engages or disengages the power flow betwee^n 
the engine and/or"pbwer train components. The clutches and brakes discussed earlier In 
this course were u^ed primarily on cra\Yler-tractor9 while the clutches and brakes discussed 
here can be used anywhere in tKe ppwer troin» The clutctjies are placed in thejpower train' 

any place there is^a need to break the flow qf power, A brake will also be used if the 
part must bfe stopped of the tree-wheeling action controlled, ' ^ 

(1) Within thi^'mechanical control system,, two adjustments will generally be provided, 
^ One ^iidjustment Is used to polbition the control lever or ?o6t pedal so that it .can be 
' reached easily by the operator during normal operations. Operating construction 
ei|uipment fpr long ptsrlods of time is hard and exhausting work. You should pbsitiop 
■ \ the levers and pedals so that yo^ can operat« the machine with a minimum of effort, 
increasing both operatliig efficiency and safety. The second adjustment is located 
within the |i^ephanical linkage between the levtsr and the clutch band, generally at the 
"live" (movable end) of the clutch band. This adjustment determines the holding 
power of a brake band or pulling power of a clutch band. f 

_^ (2) As an equipment operator you will often hear clutch or brake action referred to as 
either being "dragging" on ^slipping. " Dragging mean^ that the band \a dragging or 
rubbing against the (Jruni when it should be free. This can be caused by a >varped 
band, too tight ui e■i^tment, or a buildup of oil or grease o« the lining. Slipping 
means that wheflMfclutch engaged the band is not being held tightly against the 
drum. This p>ir1Hw slippage to occur between the lining and the drum^, pften 
. causing a burning jHp^ni^ The ^m^U of a slipping||lutch is readily apparent. *^ The 
heat generated b^"f lipping Ijlutch will cause rapitFlining wear, possible wiTrpage of 
the band, and the need* for frequent clutch adjustment^. 



(3) Two terms you w^l hea)> quite crften are the "li^ end" and the "dead end" of a band. * 
Since most operating clutches, both intern€\l expanding and external contracting, are 
circular bands, the end which ie anchored or fixed in the clutch assembly Is known^w 
as the dead end. The other end is movable and is connected to the operating linka^ei 
This'end of the band ih knoW as the live end. It is here that most adjustments' 

are made. ' . ' ^ 

(4) Depending upon their application^ clutches may or m%y not 6e adjusted to backlock, 
kn^ckle-in, or sriap-over-tenter. This dver-center action is used ttf keep a lever irt^ 
the engaged position when the operator romoves his hand. An examplift of this would 
be the drag cable lever of a crane or the hoist line on a* shovel front. Klost clutches 
such as those on power control units and hookblocks on cranes are not adjusted to 
^nap-pver-center and will return to the neutral or disengaged position when the 
operator releases the levef. * 

b. Types u^ed . There are several typ^s of clutches and brakes that cap be used as oper- 
ating clutches and brakes* Thc^ type used dec^ds upon the manufacturer, its location and u 
space, and the operation it is to perform, ^ * ' ^ ^ 

(1) Internal-'expanding or e«ernal»cOntracting . These ^are the most common type of oper- 
ating clutches thott the (||erator will come In contact with. The internal-expanding-type 
glutch (fig 2*51) expandnland contacts a rotating member, or the clutch rotates and ex- 
pands to cause the drumlfp rotate. The external-contractlng-type clutch fflg'2-52) fits 
around the outside, of the ^rum And cbntracts to cause the two parts to move as one. 

2-4? . ' . * 



With these clutchea there Is only onf friction surface on the drum and one on the clutch 
. band. These same type compor^ents pan also be used as brakes if one of the members 
^ Is held stationary. For exampll, by anchoring the clutch band, a rotating drum could 
b^stopped by applying the brfnd to the drum with sufhclent presstire. These clutches 
and brakes are the type usually found on concrete mixers to control the ^jkip. 
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Fig 2-51.'"TEnternal-expandlrtg clutch. 



Fig 2-52r External-contracting ciuicn/ 



(2) Cone. Some machines use the cone type, clutch which has one friction surface shaped 
like a cone. The drum also has one friction surface that is shaped like a cone to receive 
the cone shaped clutch, 

' Jaw ^ These clutches are' constructed similar to gears; they have metal-to-metal friction 
sqrfjces. They can be used to engage or disengage power thto^gh linkage controlled by 
an operatoi^or they can bo spring loaded and serve as ah overload clutch. The ja-ws are 
usually designed so that an overload will force them apart. However, some machines 
such as cranes, have jaw clutches which are positively engaged 6ad will remain there 
until m^ed by the operator. Unjike the other type clutches, the jaw clutch is seldom 
^ used as a brake. It can be used to hold a component after it has beep stopped, 

c. Service . For the clutches and brakes to operate properly, they must receive proper ^ 
care a^d maintenance* Those exposed to the elements must be kept as clean and as dry as 
possible. I^t w^U caupe them to stick Or drag. Dirt that accumulate* will act as an ab^'asive 
and wear th^ clutch band rapidly. Grease and oil ^hat accumulate on the clutch parts can cause 
slipping and will also cause dirt to accumulate and stick. Some of these clutches operate in oil 

to keep them cool and the linkage operating freely. They require that the oil be kept at the proper 
level. Those that do not operate In oil i'equlre certain parts to be lubricated to prevent binding 
and selssing. However, over-lubrication will cause dirt and dust to accumulate and can # 
possibly get on the clutch friction surfaces. Proper adjustment of clutches is very Important. 
They must be adjusted so that when fully engaged there Is no slippage. Some of the clutches must 
be adjusted so th6y will not toggle in (snap-over-center) while others are ^designed to operate 
properly when they toggle in. Always check the TM for the machine to determine how a specific 
clut<^h should be serviced and maintained* . , , 

d. Brakes * Basically, there are two kinds of braked: external-contracting brakes and 
im«rnaPe5pandlng brakes. The methods and devices used to apply the braking effort are called 
braking systems. On construction equipment, you will find all systemic: mechahlcal brakes, 
hydraulic brfikes, airbrakes, and electric brakes. Booster devices and yacuum brakes are 
sometimes used with other brake systems to Increase the initial brake action. "Although the. 
steering brakes were discussed previously, some of the material discussed below will also apply 
to therrt and some of the material covered previously will be repeated |Qr emphasis. 
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(1) Extern>il-contrftctln gJ |rakeB (fig 2-53). 
These ure used for^rlf^ng iSTrAkes on 
wheeled vehicles., (or atee^lng brakes 
on crawler equipment, and for control- 
ling the speed on auxiliary equipment 
drive shafts. In operation, the brake 
band la tightened around a rotating drum 
by moving the brake lever. The brake 
band i$ made of flexible Aeel, shaped 
to fit the drum , and has a frictlonal 
lining riveted or bonded to Its inper 
surface . Extemai-<:ontractlng brakes 
are generally applied by mechanical 
linkages* They are often referred to 
as mechanical brakes* 




Ftg 2-53, Exte^rnal-contractlng 
parking brakes . 



(2) Internal-Expanding brakes (fig 2-54). ' ^ ^ 

(a) Internal-expanding brakes are u^^d primarily as wh^ei brakes. TKIs type of brake 
'permits a mdre compaci ar\d economical conat ruction. The brabi^l^hoes s^nd brake 

operating mechanism Ar^ supported on a backing plate or brak.e 'fihlleld which is 
attached to the axle housing. The brake d^^utjrt . .attached to the rotating wheel, acts 
as a cover and provides a frlctional surjTace for the brake shoes. 

(b) In operation, the brake shoes are forced outward against the drunMo produce a brak 
ing action. One end of each shoe is hinged to the. backing plate by an anchor pin 
while the other end is unattached and can move, in its support with the operating 
mechanism. When force from the operating mechanism is applied to the unattached 
ends of the shoes . they expand an<J brake the wheels. Retracting springs return \he 
shoes to their original positions when braking action is nb longer required. 
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-Fig 2-54.> Internal-expanding wheel brake. 
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f'^^ Ad|uatltiy brakes. ^ ■ 

(a) DrakesHoe adjustments are made to rcnxedy* lining wear. If the vehicle pulls to one 
side when the brakes are applied, indj^vidual brakes must be adjusted to equalize them, 
If^the front wheels should, lock before the rear #ft%els are stopped, the operator' may 
lose steerjfn^t control. It is important, therefore, tijat brake adjustments be made to 

^ provide ecf^IHr distri^butlon of braking action to ail wheel brt^kes. A single parking 
brake or emergency brake on a drlve<ishaft , mujBt adjusted so it wlll^hold, 

(b) With properly adjusted brakes , the linings attached to the shoes m evenly against the 
drums when the brakes are applied. The lining should not rub oi^the drum when no 
braKe action is required. Linings tpust not drag,. but they must be ne^r enough to 
the (jfrunf) to give proper leverage between the operating mechanlaSi and the fri(?tlon 
surface. Wheel brakes are adjusted separately and externally at each Individual 
wheel. * ^ 

(c) A cam Mjasting bolt or an adjusting 
* wheel (fl^- 2-55)4 which can be reached 

through a hole in the backing plate , 
will' permit you to move X>ne end o^ 
the enclosed brake shoes. This 
adjusting device Is usually located 
«^ either "the top or bottom of the 
Hacking plate, Tgrnlng the adjust- 
ing device in one direction will 
movft^the brake shoes toward ihe • 
drum to compensate for lining wear. 
Turning ihe adjusting device in the 
other direction will move the shoes 
aw^y from the drum . Proper 
adjustment is usually specified as 
so many thousandths of an inch 
clearance between the lining and 
the drum , or backing off tHje adjust- 
^ ing wheel a certain number of clicks 

after it has been turned all the way in agffinst the drum. When the wheel is jacked 
up. you. can tell by spinning it whether the brake is free or dragging. 



/ 




Fig 2-55. Brake adjusting wheel. 



You will find a slack adjuster (fig 2-56) 
instead of brakeshoe cams used to 
adjast airbrakes • This adjusting 
device has an adjusting nut and a 
locknut which mui|| be loosened be- 
fore making an adjustment. Turning 
the adjufl(t«ig nut rotates a wdt^jn gear 
that takcus U(p the slack in the adjuster.* 
Back <jff the adjusting nut just a little 
after tightening it. then retighten the 
lockn\tt. Push rod.ti:avel at all 
wheels shoqld be exactly the same 
so braking action is equal. It 
should be at a minimum from fully ^ 
applied to fully released with the 
shoes not dragging in the released position. 
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51g 2-56v Operation of brake 
shoes from brake chamber. 
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(e) Eleictrlc brakes are «elf-adju8tlng» As the lining wears, the electromagnet which 
applies the bjrak^s mu»t move a Uttle farther to force the brake shoes against the 
drump. An automatip stop on the brake shoes prevents the rivets from contacting* the 
drums after excessive wear, , , x 

<f) ExtermCl-contracting parking brakes are adjusted either through adjustable mechanical 
linkage or an adjusting devtoe at pne end of the brake band, 



(4> 



c. 



Brake inspection /' Brake )t)aiid linings should be Inspected at pertodlqtntervals and at the 
time when wheel hearings |ire being repacked. Brake shoes should be ^replaced before 
the rivets or the melal part of the shoe come in cQntact'with the brake drum^ Metal- 
to-met%l contact will score the surface of the brake drum, A badly scored brake drum 
will have to be replaced or turned down, unnecessarily increasing the cost of repairs 
and vehlcU "down" time. Keep oil and grease Off br»ke linings. If ^e brakes fall to 
hold, or will not equalize after adjustments arfi)fflllfie,-or If tMey are excessively oily, 
the brake linings ot* shoes must bo replaced. 

Servicing brake systems . 

(1) Hydraulic brake s. 



\ 



(a) 



A hydraulic brake system is 
prlmarily^a liquid connection be- 
tween the brake pedal and the In- 
dividual brake shoe?. Principal 
parts of the brake system are the 
master cylinder and the wheel 
cylinders (fig 2*57). When 4he 
brake pedal' Is depressed, the brake 
fluid forces the pistons In the wheel 
cylinders agalpft the brake shoes* 
The shoes expand against the brake 
druin and stop the vehicle. 



(b) 




Fig 2- 



5*7. Operation of a hydraulic 
brake system. 



Principal operator service to hydraulic 
brakes consists, of keeping the proper 
level of brake fluid in the master cy- ^ 
Under reservoir, checking the system for leaks, and "bleeding the system," 

(c) Use only approved hydraulic brake 
fluid when adding to or refilling the 
brake system* See that all dust and | 
dirt are removed around the filler 
cap opening on the master cylinder 
before adding fluid. Add enough fluid 
so that the level reaches Just below the 
filler cap open^g (fig 2-58). After 
filling the resewoir. s^ that the 
vedt at the top of the reservoir is 
open and the filler cap is tight* If 
the brake pedal goes to the floor- 
board when pushed down, the first' 
things to check are the brake fluid, 
level In the master cylinder and signs of 
leaks around the wheel cylinders* 
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Fig. 2-58. Hy^"^"'^^^**^^*^® master., 
cylinder and brake-pedal connections 



2-51 




V 



--.VC 



m 



■•V 




idcr. 



(<1) Continual refilling ofthe master cylinder is a sure sim of leakage in the wheelor operating 
cylinders, the master cylinder, or a loose fitting or a brolcen line in the system. 
Fluid loqt a^ these 'places can be easily detected* Wipe the system clean and dry, 
aVid then have someone step on the brake. In this way, you can be sure you have 
foumf the leak and that oth#rs have not been overlooked. Leaks and loose joints not 
only allow fluid to escape from the system « but also permit air to enter^ Air In (he 
system can be felt by the soft, springy action of the brake pedal; It must be removed 
by^ **blccdlng*' before you can obt^ln^ «olid pedal. ' ' 

(e) Each hydraulic brake wheel cylinder 
(fig 2-p9) has some kind of bleeder 
screw device or valve t .extending from' 
the backing plate. To bleed the lines , 
Glean all dirt from around this valye 
aWd pt-oceed as follows: , / 

1, Fill the reservoir with brake fluid to 
1/4 in. from (he top and keep it full 
during the bleeding operation, Replac^ 

.the cap after each, filling to prevent losi> 
of brak^fluld and to keep dirt from en- 
tering the (System. • " 

2. Attach a ^hprt length of rubber hose 
tQ the bleeder sc.reV and place the 
Ic^se end in a clean ^^lass container 
(fig 2-60). Most blc&eder screws haVe 
a caps crew to protect the threaded 
opening to which you attach the hose. 



^» ' Now, have an assistant push in the 
brake pedal to put pressure qn the 
brake systen^whllf you operate 
the bleeder screw, and watch f^r 
air bubbles in the glass container. 
The pedal may h&ve* to be pumped 
^ to build up precis ure in the system. 
The assistant should puAh down on 
the pedal slowly, as far as it will 
go. This forces fluid out of the 
bleeder* valve through the hose*nto 
the glass container, ^^ith the fluid 
" comes the air that may be trapped 
in t^ line. It may be necessary to 
purtp \he brake pedal six or seven 

times before fluid without ai^r'Can be seen entering the glass container. Do not let 
' the master cylinder -run dry durlng^tjft bleeding operation. 

4. ' Bleed^one wheel at a time, starting with the'one farthest away from ^he master 
^ cylinder. This will remove all the air possible at the first bleeding operation.^ 

When all air has been bled fr-^^n the. line » close the bleeder scr^*tightl;f , remove 
the bleeder ^o8e» and reins' ; liteeder capscr^^w, ^ 




{. BLEEDE^ SCREW 2. BLEEDER HOSE 
• Fig 2-60, Bleeding brake lines. 
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AlZ^^^?JlV!}?JIii 2-61). 



(a) In servicing alrbrako aysiema, your biggest problem is to keep the air In the linea. 
The airline hoBes and coyplings should be checked for leaks and wear, particularly 
those coTmecting a prime mover and trailer, -Worn hoses and Couplings shoulcf f)e re- 
placed. In an emergency » \ieveral turns of tape may stop an air leak for a short time. 
The high pressure within ^he lines, normfilly between 80 and 105 pal, wtU soon force 
an opening unless the taped section is replaced. The cutout cocks provided nt the 
traqtor hq^e conn^qtionis ari^ often responpible^for air lose. These tapered valves 
should Ife closed tightly when no>raller is being towed, but they often jar open. 

(b) Another problem with any compressed-air system is condensation. The drain cocks ' 
at every air rteservoir should be drained dally to. remove wajter that accumulates from 
condens^ion. Make sure that these valves work'freely and are closed before starting 



the vehicle. 



ft 



(c) Some compressors receive their lubrication from the engine, *^hlle othej^ have self- 
contained lubjplcation systems which must be checked daily. The oil s^iould be dral^ied 
each time the engine oil is drained. 




ERIC 



Fig 2-61. Diagram of an airbrake system in a tractor-trailer combination. 
^. HYDRAULIC SYSTEM ^ i ^ - 

^P£5£' > ^ hydraulic system is used on engineer eq\^ment for many reasons'. 



of the etx * methods of transferring power'around a corne 



It is one 

It makes it easier for the operator 



to control \»ie many different componeifts. VUtf^ used and maintained properly,, there is less 
maintenance time required to keeD^it operatinjf Hydraulics can also'^be used in many placea that 
a gear system would require tpa^ch space to be efficient. Hydraulics are jiised for brake^, 
transmission operation, attachment control, to assist mechanical controls, and as motors to 
operate gear^driven components. , ' A \ ^ 
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^* Co^nponentg . ,The number, typa, and nomenclature of the comipbnents depends on tlTe 
application. The cdmponenta shown in figure 2-57 are used for a simple hydraulic brake system' 
and some clutch release mechanisms. It consists of a roaliter c^^linder and one or more operating 
cylinders which are similar to#he wheel cylinders. The 82^30M crawler-tractor uses a part 
of this type system to control the hydraulic s^erlng. Anothet^type system Used on many items 
Of engineer equipment is illustrated in simple form in figure,2-62. It consists of a supply tank, 
pump, strainers, filters, control valves; relief valves, Ifhes and fittings, and one or more ram 
cylind^. The pump provides the amount of fluid required at the pressure needed to perform 
the work. The control valve and lines direct the'pressurized fluid to the desired points. .The * 
ram c;^linder performs the actual workt)f raising and lowering the blade or operating the gth^ex:'^ 
attachments. The relief valve protects the system from excessive pressure that th^^ pump is 
capable of building up. ,The Internal parts bf a hydraulic systeon have a clo^e fit and are pro- 
tected Ifrom abrasives and other debris by the strainers and filters. Nfost hydraulic systems 
provide a mechanical advantage whJcKls the reason that the operator's iob is made easier! 
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Fig ^"62. 



basic bydraiuUc system. 



Components and flow of 

c. Servicing . The dpferator service to the hydraull^ system Is limited to keeping the system 
full of the correct fluid, keeping all foreign ma'leWal out, some miriof adjustments to the fontrol 
linkage^ and bleeding air from the system. Because of the various types of systems and equip- 
ment, it is important that you check the TM to deterjmlne thcs type fluid to use in a particular 
system. The system should be k;ept clean and tight ^nd the fluid maintained at the proper leVel 
to keep out divt and air. The fluid used must be«cleai), the correct typA^ and the correct vis- J 
cosily to provide proper lubrication, «cooling, and to prevent sluggish operation* Hydraulic 
systems ^were designed to re^ct fastei;" and with less operator effort thin mechanical systems^ 
Improper care and maintenance will keep it from performing as intended. Some control link- 
age has adjustments which can be maWe by the operator to position the operating levers and 
pedals in a more convenient location* There are also some adjustments to properly position 
the control valves. These adjustments can also be made by the operator. However^ the ^. 
control valve ad|ustments ate normally made by the mechanic. When checking makln|[ a 
•any adjustment, always refer to the TM for the specl^c machine and the particular c 



control. 
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ENGINEER EQUIPMENT' OPERATOlR 

Lessor) 3 * 

Power Flow , 

STUDY ASSIGNMENT: mcI 13. 31h. finglne^r Equipment Operator^ chap 2. 

LESSON OBJECTIVE: Upon suhcesQfMl completion of this lesson you will be able to rec6gnlze 

the theory and principles of operation, the non:i|5nclature and 
classification of components and systems that provide, transmit, 
or control power flow in an item of engineer construction equipment. 
You will t)e able to identify the procedures and methods of operating and ^ 
servicing these components and systems. 

*i 

WRITTEN ASSIGNMENT: 

A. Multiple Choice: Select the ONE answer which BEST completes the statement or answers' 
the qu(}0tion. After the corresponding item number on the lafnswer sheet, blackeitV'the 
appropriate box. ^ 

Valuer 1 point each ^ ^ | ^ 

1. What changes the reciprocating motion of thAoiston into rotary motion? . > 

a. Camshaft 

b. Valve mechanism 

c. C^ank on the crankshaft and a c<$nnecting rod v ^ 

d. 'Slip fit cylinder liner ) \ ^ - I 

2. What opens the en^ne valves? ^ , 

a. Crankshaft * . ( c« Connecting x^od 

b. Camshaft A. PistoA 

r . ^ . 

3. In what sequence do the strokes of a 4 -strokes-cycle eagine occur? 

a. Intake* power» compression* and exhaust / / 

b. Exhaust* power* compression, and intake/ 

c. Compression* power^ intake^ and exhaust r 
^ . d. Ii>take; , compression* power^ and exhaust ? 

■ ■ / . . ■■' ' * 

4. During which two strokes of a 4 -stroke-cycle engine are both the intake knd exhaust 
valves closed? ^ ( t 



\ 




Power and intake Exhaust and compresfiion 

b. Power and compression ^ d. Intake ind exhaust 

|n a 4-stroke cycle ej)gine» tfte camshaft gear is -^e size of the crank^aft'gear, 

a. 1/2 c» 3 times ^ 

b, twice d/ 4 times 



6. ^ What ignites the fUel in a diesel engine? 



a. Magneto ignition c. He At of compressed air 

b. 'Low -voltage spark ^1. ' Highl voltage spark 



HeVof 
1 ' Highlvo 



7. When is fuel Injected into the Qyuo^r of » dl0»el engine? 

a. Just before TDC of the coinpression stroke ^ 

b. Just after TDC of the compression stroke 

c. At TEX^ on the exhaust stroke 

d. At BDC on the Intake strolfe 



8. The 2.8troke>cycle Detroit dfesel engine employs exhaust valves^^the head and intake 

a. valves Jn the block. c. ports ia the head. 

b. valves in the hea^i. 3. ports l^n the cylinder wall. 

0. What are the coraponents of an air-cooled cooling system? J 

a. Fan, fins, and baffle c. Fan, radiator, hose 

b. Radiator, baffle, shroud d. Fins, water Jacket, fan 



10 
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What is the normal operating temperature of an internal-combustion engine? 

a. 130* - 165^ c. 160^ ^ 185'F ^ 

h. 150* - 185"F . d; 170* - 212^F 

11. Which part of a wate»- cooling systim controls the epgine temperature? 

^ J . ^ ^ 

>^ . a. Radiator . Thermostat 
. ^ bj^ Water pump and fan ^ ^ d* Pressure radiator cap 

12, At what interval should^tifrteze solutions be tested? 



a. Dlily \ / 

b. Weekly \ ly ^ 



c. Every 2 weeks 

d. Monthly 




13. When ant4fr«ie2<j! solutions a re tested, the ^coolant ahould'be normal operatjing 

temperature, ■ ■ ' 



a. below \ ] ■ c. above 

b. at 



14. UVhen adding watei^JLo^n overheated engine, you should pour the water in 
vith the engine operating at . 



15 

( 1 i} 



a. quickly- -low idle , c. cJuickly--fulllhrottle 

b. slowly- -fast idle ^ ^ ^ d/^ slowly- -low idle ' ^ ^ 

15. As a general rule, how much slack nhout^ there be ih the englne^fan belts? ' \ 

a. 0-1/2 in, g V c. 3/4-1 in. 

1/2-5/4 in. I d. 1-2 in.^ ^ ^i* ' 

I . ^ . ' 

16. It there is a suddbn drop in engine oil pressure, you should 



a, continue to operate* ^ . 

^ b. continue to operate and record the information 6n the operational record. 

' c. shut the engine down. ^ 

d. stop the vehicle and check the radiator. ^ 



I yi. Oil and filter' changes «re generally scheduled at^ntervals of hours. . 

a. 10 V » c/*10(f 

d. 250 \ 
Y ' ' . ' 

18. Which type of oil filter handles the fbll flow of oil hefore It Is circulated through the V 
engine? ' * . ^ / V 

a. Full flow > Recirculating ' 

b. Bypaaa ^ ' 

i • ' ' . ' t ' 
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19, Which specific gravity reading indicates ^ fully cStargad ^attery? 



a* liOO 
b. 1170 



c, 1250 

d. 1275 



20 



I. Dut^ng fre<szlng wcathct-, when should water b% added to a battery? 

a. At the end of daily operation ' * / . 

b. ^At the end of a weeK'a operation \ ^ 

c. Before the engine is started^ * , 

d. After the engine is started, prior to beginning operation 

21. What 8okia)n should be used as *l first aid measure when electrolyte is accidentally 
spilled drt^e body? 



'a. Gunk 

b. Carbon tetrachloride 



22, The positive ^o%of a battery is generally 



a. smaller than 

b, the same sisse as ^ 



c. Baking soda and water 

d. Cleaning solvent 

the negative post, 
c. larger than 



23. Which unit in a heavy-duty generator regul^tor^ makes and breaks the circuit between 
the battery and generator as needed?' <^ 



a. Voltage regulator 
1^ Cutout relfity 



c* Current regulator 



24. Wlien the engine is operating at low idle speed, lyhich j^art of the charging circuit sup- 
plies the current tp the vehicle electrical system? 



a. 10 sec 

b. 20 sec 



rheating, it ah 



Generator regulator 
Ammeter - 



L_ a. Generator 

H^l). Battery , 

^ - r 

25. To keep a starting motor from overheating, it ^ould never be run longer than 
^ at a time. 



30 sec 
mln 



26. What part of the ignition system acts as a step-up transformer? 



a* Capacitor 
b. IMstributoT 



c. Rotor 

d. Coil 



27. Which is a part of the prljTiary ignition circuit? 

[>n syi^em is 



a. Rotor t 

b. Distributor cap 



c. Spatk plugs 
d* Breaker points 



28. Which part of the ignition syi 



used to prevent arcing across the contact points? 



a. Coil 

b. Condenser 



" •♦or cap 
d. Rotor uucton ^ 



29. When adjusting the spark plug gap, which electrode should you bend? 



V 



a» Ground 
b» Center 

c» Either, depending on how wide the gap is 
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K* .M'*ji'l"°",*'V*'* '''"^ Stationary point. . 

b. WgHiloint of the cam lobe. " d. condenser contact po8t. > 

31. Engine flmlAg marks can be lined up by adjusting the 

■* c. generator . ^ 

b. battery voltage. ^ ' ^ d. distributer. 

32. What Is the principal problem encountered in fuel pumps? 

». Clogging of the filter c. Deterioration of the dla^fiVagm / 

b. Wearing of the linkages ,d. Air In the lines ' / 

tn%-';.vlH*° rK**'***?''^ I*'*;**"*' "^^^""^ P''^ °' the 'carburetor enabled th^ra^or 
to vary the richness of the fuel-air mixture? ' i«i«io^^ 

a. .trioat - » Throttle 

. ^- d. Venturi 

34. When adjusting th* carburetor idle circuit, approximately hoV far should the idle screw 
be opened^pn the iijltlal adjustment? - 

1/2 turn c. 1 turn " - 

3/^ turn d. 2 turns 

35. On a Detroit dlesel engine, fuel flow through the fuel filter is accompUshtd.by 

a. preflBure of the fuei-pump. . ^. high injection pressures. 

b. gravity from the fuel tank. gravity|ow from the injection pump. 

36. When should the operator drain water from the filter and strainer^houslnca of a Detroit 
dieael ftiel system? ^ ' , 

a. Daily, after operation c. Weekly fMf ^ 

b. Daily, befo#Aop€ ration <j. Monthly 

37. Afti&r installing the filter strainer elements in a Dejtrolt dlesel fuel system, the opera- 
tor ^hould ' \. 

a. -^leed the system of air. ' / . 

b. prime the housings with clean dlesel fuel. * ^ 

c. run the engine^ full throttle. ' 

d. open the drain cockts on the housings. ' *^ 

^ i. M 

38. Which part of the vehicle [k>wer train provides for an additional gear reduction and^ 
furnishes power for auxiliary devices? • ; . . ^ 

a. Clutch . „ • c. Dirterential and propeller ahaft M 

b. Transmission <, d. Auxiliary transmission and transfer case ^ 



i^eslstance to rbtate faster? 
^ a. Clutch s ^ Tv##w-* *i ■% 



1^ 



r 
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40. As the friction surface of the clutch driven member wears, what happens to clutch-pedal 
free travel ? 

r 

a. Decreases c. Remains the same 

b. Increasea » 

41. A clutch pedal with too much free play will cause 




a. the throwout bearing to ride on the pressure plate finge: 

b« damage to the pressure plate. 

, . c» clutch slippage, 

d. hard gear shifting. « 

42. The major difference between a brake and a clutch is that the brake stops rotation and 
the. clutch " ^ 

a. transmits power, ^ c» stains power. 

b. releases energy. ^ d, assists movement. 

43. How much slack should there normally be In the track chain of « crawler-tractor? 

\ a, 1/4 to 3/4 in. ' c. Tl /2 to 2 1 /2 in. 

b. 3/4^to 1 1/2 in. ^d. 2 l/2 to 4 in. 

44. To much pressure in the hydraulic slack adjuster could cause 

a. bleeder plug and grease fitting blow out* 

b» hydraulic valve leak. 

c. grease and nitrogen gas gasket leak. 

d. bleeder plug seepage. 

45. A slack adjuster is used to adjust the brake bands of ft(an) brake system. 

a. aJ^r^ v c. electric 

b. hydraulic cl. aif -over -hydraulic 

46. When bleeding hy^raiaic brake systems, whi^h wheel cylinder would you bleed first? 

*; 

a. The one closest to the master cylinder / \ 

b. The one farthest from the master cylinder ^ 

c. The right front ^ * • 

d. The left front 




47. 



A soft, sprlngr hydraulic brake ■'^pedal action indicates ^ 

a. excessive hydraulic fluid. c. air in the'aj^em. 

b. worn brake linings? low air pressure. 

V 

48. What is one of the principal problems encountered in an airbrake system ? ' 

a. Underlubrication V Excesaive air pr«Asure 

b. Overlubrictfti<Jn Condensation • 

49. Adjustments to comperisat^ for normal operating clutch lining wear are generally made 
^t the I 

a. operatlnrcontrol lever. c. live end of the band. 

b. dead feijal&f ihe band. d. compensator spring. . 



Total Points: 49 

K< ❖ ^ . 
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* Chapter 3 

. EARTH MOVING FUNDAMENTALS 

I ■ ■ • » ' * 

3-1. INTRODUCTION ; / 

• 

Roads, airfields, bulldinga^ bunkers, and other types of construction projects triust bo 
built within definite limits of grade and alinement. Irregularltlet^^of the ground must be reinov'ed' 
or lessened by cutting off the high spots and filling the low places. In the <>onstruction of g\\tt 
emplacement9 and storage areas below ground level, the excavated material t^M^ften used to 
form parapets around the^perimeter, Tliis cutting and filUng is known as ^eirtjimovlng oh earth- 
work. Before eart^ipoving beglnp, it is often necessary to remove overgrowth, boulder$, and 
other obstructions, it is soipetlmes n^ces^ary to construct a (Jratnage system sb that gonatrucr 
tion can proceed with little Interference from adverse weather. These pperatlons are performed 
with the most suitable item of eifgineer equipment ayallable for the Job. Because most of the 
Marine Corps engineer equipinent designed to perform more than one type job. it is seldom 
necesaax^ to Improvise in ordier to^p a speclAc job. The required machin^ma/not be at the 
job site at the particular time when needed, but with the mobile equipment available it can be re- 
quested and arrive there in a reasonable length of time. In most engineer construction, especially 
during combat, tim« is of the utmost Importance* Therefore, tlTne nxust^be considered when 
requesting the proper machine or Improvising 'with the equipment'bn hand. * 

3-2, OPEI^ATOR EFFICIENCY 

a. General. There Is mor6 to earthwork operittlons than Just moving the earth. Knowing 
what the finished job will be, reading stakes correctly, hauling full loads, knowing the terrain 
type of earth being moved, and Knowing your equipment, are important factory that will help you 
to move earth efficiently, 

b. Knowing your equipment. In order to become itn efficient operator, you must know your 
equipment, its limitations, and its operating characteristics. ' You should know Wh*t jobs It wa? 
designed to do and for what jobs It can be used as an expedient. After having operated equipment 
for a while, you wlll«be able to tell whether you have picked up a full Idad, and whether or not you 
are losing it. You will know when you are digging too 4|pepiy, and when you ar* cutting smoothly. 
You will learn to depend upop your sense of feel and on the sound of the engine In controllitig your 
equipment. No matter what the equipment, knowing Its characteristics will help you to become 

a good operator. ^ 

Knowledge of terrain. Get off the machine and study the terrain and the type of job that is 
to be performed. Locate the large boulders, stumps, soft spots, or other obstgcles that could 
slow the operation. Learn the location of friendly forces and what type of enemy action is to be 
expected, D.eclde or find out what you are to do in case of enemy gctlon while you are performing 
the Job. Check the lay of the land (topography) and decide whloWwould be the best direction to 
move the earth. Your equipment .will prpduce more when moving the loft^J downhill. However, 
there may be some slopes or areas where the load n^ust be moved uphill for safety reasonsior 
b6H:au8e of the enemy situation. In some cases, th^ earth removed from one site may be needed 
to fill an area at another place n^jarby. Determine how the job can be done In the least amount of 
time, maintaining as much of the natural camouflage as possible. 

d. Reading stakef correctly. You must know what each grade stake'tneans and r<rad It cor-^ 
rectly. If the marking on a stake la not clear because of mud or dirt, do not ((uess at It, but ^et 
down from your equlpjment and check the stake. If you jshould knock a grade stake down or If It 
has been moved by others, contact the surveyors to have It put back In place. J)on*t try to guess 
what Is on a grade sfake or where It should be. Move to another area If possibly until the atake , 
is replaced or stop.work until It Is replaced, In the Ipng run, this checking will aave you extra 
work. • ^ 



e. Taking full loaxig / When you are m<yrtn2 earth, 
take « full, heaped load «nd make It count. In^earth- 
moylng operations, travel Qan be one of the most tlme- 
oonsurning factorfl. Suppose you are operating a 
tractor-drawn, a-pubic-yard scraper; It wlU carry 
about a ubiety ard heaped load (fig 3-1); If you 
car^ only a itruck (level) Idad of 8 cubic yards, 
you TOpe 2 cubic yarda of load each trip. ^To move 
40 cu^g^.yards takes, five trips, hauling. 9 cubic yards 
each tirtj^ Hauling full heaped loads, you could 
move the saine amount of earth in fput* trips. 



f^CAPCO HI 3U0PC 




TWJCK * 



Fig*3-i: Heaped load. 



• ^* Knowing the fjrtished job. Before beginning an earthmoving Job, *you should visualize its 
purpose and how it wjih appear when finished; otherwise, you will be proceeding without a plan 
and working without an aim. To help you visualize how a finished road or airfield will look, you 
will have grade dtakea *(discu^sed later) to se]ave as guides. Often, a rough sketch or blueprint 
of the Job will be available, or you may find it helpful to prepare a rough sketch of your own to 
help visualize^ the job (fig 3-2). Such a sketch should show which sections are to be cut, ^hich 
are to be fllle'd, and thf^ level of the finished 'Job^in comparison with the terrain at the beginning 
of the operation. X«earn to estlixiate height aiid distance- This will help to visualize how the 
Job look whep it is finished^ It will also aid in locating grade stakes, markers, ^ 
and the grade you have cut. For exan^pler^if you are to cut^a pit 60 ft long and 4 ft deep, you 
should knd^b«ut when the length and de^ith is right withoiit having to get off and measure. You 
should be able to estimat^ how deep you must put for what distance to get a ful\ load. If a grade 
stake «alls for . 5 JTt cut, ypq should be able to estiipate'a 6 in. Out and be close when the sur^ 
veyors check the Job. The more experience you have, the closer you can grade to the desired 
level, but you should be able to grade to within 2 in, oh a 100 ft square area by (estimating from 
^grade stakes. In other words, the 100 ft square area should not have a'Vace that is more Ifhan 
2 in. from being level. ^ . 




. Fig 3-2. Sketch of a pro|)08ed road. 
3-3. CONSTRUCTION SEQUENCE * . ^ 

a. Introduction. As mentioned before, there ii^ more to earthwork ope rations ^than merely » 
moving earth. Experience has proven that certain jobs must be perform/ed before others can prb- 
ceed. Some Jobs can also be performed at the same tinw fi^Ad in some cases a Job may be ^eft out 
of the sequence. Clearing> grubbing, stripping, pioneering, and establiihing a dria'inage system 
are parts of the job which are u'sually completed before cutting and filling begin. These operations 
are discussed in the following paragraphts* * 



b. Clearing and grubbing, 
(1) Clearli^.^ 



\ 



I (a) Definition; (Clearing Is ridding an area of trees; brush, vegetation, and rubbish, and 
f disposing of all these imatjerials. Climate, terrain^ and soil conditions will affect 

clearing prooedurea and operations^ Clearing 'may be besfle^ocolnplished by pushing 
uprooted trees, stunipsi and brush in both directions from the center of t)ie area to be 
cleared. Clearing should be done so that debris (spoil material) is placed in a desig- 
nated spot with only ONE handling. When clearing landing strips, for example, it is ♦ 



generally nepessi^ry tp dispoee of material along each jiide of the strip outside the 
construction site. If the site is located where burning >ity be done, the haul distance 
can be reduped by piling brush, stumps, and trees on the site and burning them there, 

(b) Pquipment used. In rnddition to the haiidtools used mostly by the combat engineer 
personnel {MOS 1371); t^«cWirs and their i^ttachments or towed equipment lire very 
eflreotly# In olei^rihg pperations. the S^-SdM hss a shei^r bUde which can 
bf» Mta<^1iea in the dpser >U^e position to out large trees. |t wiU shear trees at 
the level desired/ but 1« l^eet used to cut them M ground If vel so that the stump 
^oes hot interfere with other pperetlons, The hydraulic Hpper attachment can be 
used to cut the roots of trees and stumpe eo that they oan be pushed over with the dozer 
bla^e snd towed awayt PemoUtjipns, when properly emplpyed^ oen be used to cut trees 
SndvrempVe the stunips so t^t they can be pushed or tow^d away. Boulders can some- 
^timee be removed by the scrapefr, but the prawler-trsctor apd the rooter are ^ 

normally used for clea^'lng an areii. 

.»*(-. ■ ■ 

, ' ' ' , ■" . ,'■ • . ^ . ' . • . 

.(c) Procedures, ^ ^ 

U Time^en be saved by concentrating hrf t on large treei. Very large trees may r«^r. 
quir^lafting tp breek the roots, Aff Ifirge trees are i>ushe<^ away, they will carry 
with them smaller treee^ brush/ ewii grees, Tre^f thould be felled in a predeter- 
miiied order to prevent them from lodging against one another and thui causinj^ a 
difficult rt^moval problem. Felling and removing -trees >ylth a buUdoter remm*es 
precautions to avpW ln|ury to persons and damage to equipment. You sh^aira take 
^ special care when ^enribying dead trees. Although their weakened roots allow eadler r< 
^ .moval than green treesv dead trees are more dangerous to remove. Bead limbs 
may snap off and strike you, resulting in severe" ihjury. A large dead tree could^ 
fall with a lorQ<? j|t^ng enough to upset your^^ 

2: Uprootlfig trees near pavements and structures»is a harder Job, To prevent struc-- 
tural damage, first dig trenches around the trees and chop the rootm away with hand 
implements. Uprooting may be easier if the trees are killed some time before the 
uprooting operatipn by girdling (cutting deeply through the outer bark), poisoning, 
or burning. 

3. The shear 1t>lade is similar to the angledoser except that the leading edge has a long 
^ point on it and the cutting, edge is almost level, The operator drives the point into 
large trees and shears them off a little at a time. For smaller trees, when tractor 
power and traction are sufficlent> the tree is contacted Just to the. side pf the |>oint 
and sheared off. 

Grubbing . , * 

(a) Definition. Grubbing is the uprooting and removal of roots, stumps, and boulders, 
grhis operatioifis sometimes performed at the sfme time clearing is being performed, 
espeqially if the trees are uprooted rather 4han cut. 

(b) Equipment used . There are several methods used for grubbing stumpa; some which 
you will perform and others which will be performed by combat engineer personnel 
or other personnel working at the J6b. You. as the engineer equipment operator, can 
perform most of the grubbing work inore rapidly with the crew ler tractor and its 
attachments. The doter blade, the winch, ancl the ripper attaPhm^nt cm be used 

for grubbing* Stumpa which are ^Oftlcult or impossible to pull out. even ^ith winches, 
should be burned or bUited. The amount of time alloted to complete the job will de- 
termine the, method used If the Job cannot be done with the equipment/ 

(c) Procedurei * The hydraulic ripper attachi^ent ie Used to cut the roota around a stump 
and It may ^ possible to ipllt large stumps with It^ Once flte roots hay4 been cut, 
dig the blade' under tjie etump and ae yo\x push forward, ralpe the bl|> to roll the 

' stump up and out. It may be necessiii^ to dig arpund the stui^p be^N pushing and 
ptying it out* Boulderp fire dug around and pust^ed wd pried out, ^fUr the atunip 
t or bottder hita been rempYed. ihe hole should ba filled In so that it Will not slow the 
operations to'foHoir. Wheii the stumm boulders are left In^lace, it wlllnot be 
poseibleuto grade below the ground surface. Stumps will rot over a period of years 



In '■■ . 

and! the surface can settle If they are not removed, "^e peraon in oharge of the 
project win decide whether to leave the stumps or not; He will alsd determine if 
they are to be blasted or ^u^ed If they cannot be removed by machine. 

^ Stripping > ^ V 

, *• 

(1) Definition. Stripping ia t|ie ri^moval of objcotionnble top aoil,- aod, rocks, and^iny htrd 
Bubatancea embedded in the ground pripr t6 excavation (fig 3-3), Stripping may either 
follow or be done tojgethcr with clearing and grubbing. Actual earthmoving begins with 
stripping; surface soil and rQc{c0 are jremoved from the area to be excavated. Deeply 
embedded rocis and l^irge boulders n^y have to be ^Ifisted before they can be removed. 
The material removed by stripping is palled spoil. Unless otherwise directed, you should 
dump Spoil along the area to be excavated^ within range of the eart^mpving equipment. 
If the spoil will not be put to use, such sp turfing or fininlhjing a road or runway, it iBhould 
be wasted along the edges pf the project or in stockpiles depending on the situation* v 

<2) Equipment used^ The equipment uaed morff in stripping ie the doxer. The use^of doners 
in removing treee wjas mentioned above. If the haul distance is over 300 feet, it is mo^e 
efficient to strip with a sqr^per. A ecraper may be used also oft fine soils where shallow 
stepping is deslM.^ A motor grader is used mainly for shaptiig and finishing a stripped 
surface. It is adaptable also for Pitching, foi; sidecastlng. and for slpplng-banks. Grading 
and related operations will be descrltied in connection with drainage systems later. 

(3) Procedures. When you check the Job and terrain, you should learn where the spoil is to 
be disposed of. Remember 4|hat its location may affect the pamouflage^plan. Most niil- 
itary construction will be performed, on foreign soil and you should "practice now in * , 
stripping and disposing of the spoil "without damaging the usefulness of a^ more of an ' 
area than is absolutely necesesry. Unless necessary, you would not duiflp the spoil from 
a road site on some farmer's crops. However, the tnission may dictate that you do the 
job as quickly as possible. A dozer or scraper is usually used to cut to a depth that will 
remove the objecitioKial material and then push it to the desired location. An-angledozer 
may be. used to windrow the material along the sides of a road clearing so that it can be^ 
used later on road Shoulderl. The depth the material and the width of the area will ^ 
determine the method to use and the number of passes required. For example, the meth- 
od illustrated in figure 3-3 may be the fastest niethod to use for a>articular type Job, 
but if the material was to be hauled for long distances, it should be stockpiled and a 
qcoop loader and Vrucks or scrapers should be used. The Drott 4rin-l can be used to 
cut and load on trucke or to load from stockpiles. 



STOCK PILE OR 
WASTe AM A 




Fig 3-3. Stripping. 



l- 



d. Pioneering. 



(1), 



int roduction, Plonecrl4ng means t)>e first working over of an area that is overgrown or 
gh. lit pioneering, the operations of clearing, stripping, grading, and^roviding for 



roll 



drainage are all done practically at the^ame time rather than as separate operations. 
A dozer starts put Iftlong a predetermined route and leaves a road behind it. This may 
be a hauiyoad, on A/vhich trucks and eitjuipment will mjjjfe In later operations. In some 
mountsih road pioneerings a crane shovel may be ij^sed to dig and cast material over the 
side. ■' \ r > * 

( ■^ ■ * . ■ 

(2) Procedures . \ / / 

<s) $\^ppose ygp, asi; «k>a:fr pp^rptor, arc given the job Of cutting a road on the side of a 
mountain to b«l used^fpr access 1o a proposed airstrip site, or to reach a mountain 
^ stream W^^lchls to be develppijd into a water supply fiystem. Where shoy\d you start 
and how should you proceed? The rout^your mountain road is to follow will be staked 
out by the survey party* Ypu shquW-iitart yjur road the highest point possible. 
• First, clear the stretoh of ground immediately in front of yoM then cut put the earth to 
give your tractor a firm footing. When you make, this cut, start It into the mountain 
(fig 3-4) and follow this Same plain on the rest of the road. ^ 

(b) In clearing on sidehill cuts, brijsh and trees should be cast jfar enough to the side of the 
road sitf^^o thalt they will nPt bf? . covered with the earth. It is even better if you can 
cast them pver'^the edge whetii the road is cut. When you are Cutting the road, dcj no( 
watch the gra(ie,>take imntfdiately ahead of you or you will find yourself below grad^, 
Instciad, watch the tbirdi or fourth st{*e down. It is better to l)e above grade arid come 
back and cut t)Pw>i tp grade than it is to be below grade and have to* come back and fflL 
A sidehill cut is pne of the places where it is iftore efficient, to move part of a load 
rather than attemt>ting to takers full load. Take only part of a load and cut it out over 
the bank. If you attempt to take, a full load, you will soon find you have a bank pf earth 
in front,* and are working uphill. Another reason for takj^ only part of a load is that 
it is easier to control the tractor and c^fct over the bank i^l^a partial load th^n With 
a full load. . Xt 
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e. Drainage systems. A drainage system 1$. a network of ditches, culvcrtis, bridges, and 
other deuces used to rj^mov^f^the Witer f rem an area. 

(1) Purpose. The pui^pbj^e of a drainage syaten> is to remove all water from operating areas, 
to intercept and dUppse of surface water from adjoining areas* and to intercept and re- 
move detrimental rain or ground watei^ seepage: The areas where construction is to be 
performed mutt have a system of removing rainfall, water that may be trapped In low 
•^reas, or water helow the surface that may interfere with constructipn progress. Pro- 
perly designed and constructed drainage systems ai;e pne of the most imports^nt parts of ^ 
a construction project, particularly airstrips, revetted supply dumps <fespecially am^o)^ 
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and campjilte- cQnatructlon. Without praper-dr^infge, r«in and water running off 0U|>- 
- rouridlng ground ^ould turn thfi area « UKe,, Water that would soak the aubgrade or 
aeep into biiitjlcftr Qpmplexea muat alao^^ drained off. In certain areaa, water below the 
aurftice w^iU tX^eze in thcf winter causing froat action or eroaio/i which will weaken the 
surface during the aummer rainy a^raaon. With a properly deaigned drainage system, 
tltif ruinCilJl nod Qth«ir .»Al€trjcx$n hci oontrolled und diverted to an area that Will prevent 
conatruotlon delays or deatrucMon of the con^trMption which has been completed. 



Types , There are three main iypes of water that hinder construction operations (fig 3-5); 
rainfall, surface, and subaUrfao^. The amount pf rainfall ip different .throughout the ^ 
world. Some. areas such as Vietnam receive several Inches of rain in a very short per- , 
iod of time durihg certain seasons (the mpospon season). Other parta of the world, such 
aa Vieques, Puerto Rico, receive a M^la rii^ filmost every day. This is water <Kat falls 
directly on ttie project site. Surfaqe%^ater ean be from many aouroes. J^out of the sui:#-^ 
face water that will ttfteipt you and your equipmenl operation will be that] which is trapped 
in Ipw aretfa A|tar a heavy rain, >rlyers and streams, runoff from surrowding hills after, 
a rain or when snow from the tnouhtains is nteiytiiig. and swamps pr irrigated farm land 
such as the nee paries in some^j^sian qpuntries. , Water from theae sources can flood 
an area in a ahort period of time. Qrpund surfaces in areaa that are flooded will not 
support the Weight of your equipment, "Subsurface water is the last type t^t will probably 
affect tjtifi cpnstructjlpn i^nd it is the hardest to control. It Ues below the aOrface at differ- 
ent depths and Is referred to as the wster table. In some parts of the world it rises to the 
surface aa a spring. There are iponrie places Where th^water table is very close to the 
surface. F'or exaniple you may dig a storage pit six feet deep alojig the coastal area of 
an A8l4n country and return % few days later to flhd it half full of Wafer. In these areas, 
it is best to avoid cutting. The water problem will he considered by those persons draw- 
ing up the plans, but you, the operator, must kno^? how to follow their plan for cPhtrpl- 
ling it. Where possible, planners will avoid performing extensive construction in areaa 
where wjtter will be ajfreat problem. However, ^combat situations may dicta^ie some con- 
struction regardless of the water probleim. The planners then must design aome type of 
drainage systeih which will reduce the problem. This can be accomplished by tliversion 
ditches, outfall ditches, sloping^ culverts, and subsurface drains. Figure 3-^ illustrates 
some of the ways that water can be controlled. 




(a). Dlt(^«. ThU Is th« primary method that you will be oonoerned with. You may or 
may not be toW Wh«n and whei'e to dig h ditch, You m«y need authorization to dig a 
ditch beoaupe of the time required t,o conatruct the drainage or because of the location 
and the damage it would do to surroujidlng property. However, a drainage ditch should 
be recommended When watetf;i8 hindering the progress of the construction project. 
Pitches arft dug ^long ihe sld^s of * rsad so thaB the water will run toward a culvert 
and into « stream, oana*, or lake away from the road. Ditches are also dug on hlU- 
sldes to divert water runnlrug <>W the hill toward a project site to prevent It getting clpse 
enough to the construction mlqyt the progress or damage the construction. A tractor 
with an angleijoier is a good item of «Jm<pment for constructing ditches at the beginning 
of constructton. Bqlldoxers can.be used to d^g a ditch, but it is hsrder to control the 
depth ^ni iQcatlpn of the iiltch th»|» with an kngledosf^. To jstart a V ditch with a bull- 
dozer, dig ^ trench or drive one track* 6f ^he tractor on a log or some other high sur- 

• "c* to that the opposite corner of the Made will start digging.lnto the grt)und. Once 
the ditch is starteti keep one track in the ditch and one on the high ground. For diver- 
sion ditches around the side of a hlU cast tl^e dirt toward the lov ground so that the 
, runnoff wonU wash it ^ack into the^d^tch and keep it from doing its Job. Towed scrapers 
can also be u«ed to <iig V ditches by starting them in the same manner as starting with 
a bulldpter. When^onstrMc*ing ditches, it is very important that ihey will not Interfere 
with future construction Operation. , Son^e may be improved for^rmanent drainage 
systems. Although V-type dltche^ have been <llscussed here, there are others which 
can be dug with the angledozer, bulldoser. ai^ f ith scrapers. A ditch is nothing more 
thin * trench dug to dlr^At the now of yvater. - , > 

(b) Sloping. Once the earthwork is started, you will always be ccmcerned with slopes 

Pnfing the cutting^ and fining operations, the slope' must be mJntalned one way to «sfllst 
in controlling the equipment, but the slop*? must be changed wfien securing operations, 
in order to control Sny water problems that may arise. For example, the center of 
a fill area is slightly lower during filling operatlons*so that the scrapers and tractors 
will not slide over the side, bjUt the center is filled In at securing Ume and slightly 
crowned to preyei^t , water settling in the low «rea if it fhould rain at night." Ditchps 
are also sl6ped so that water falling into th^mdoes not form pools and so that the watfer 
running through the ditch ^oes not win so fast that it cute the ditch deeper, Cu#around 
a hillside, are sloped toward the high side so that the water will run back toward the 
hill. This prevents the fill material on the low side of the hill from being washed away. 
However, the cut and the f^ll are sloped along the long axis so that the watet- will not 
collect on the low side of thevut (high aldf of the hill)., One thing to remember about 

^ ' sloping is that the steeper th,e slope, the greater the possibility of erosion (earth 
^ washing away). A gentle .slo|)e wlU slow the flow rate and give the water a chance to 
soak Intoihe ground, Soaking4bait |^uce,undeslrable affects depending On the type 
soil you are working with. Figur^-6B illustrates how a slope is used to remove the 
Hater froip an airfield into a dltcflFbr through a culvert. W 

(c) Subsurface draly. As an equipment operator.you will construct surface drains (slopes 
and ditches) and you may be called on to help put In subsurface dralris. These are 
drainage s^tems that are put in below the s.urface to control the water. - ^ 

I. Culverts. Culverts are the type of subsurface drain normally'used in rtillltary* 

construction. They are used to transfer the' water from one side of a Voad or air- " 
field to another. For example, jyater drained toward the high side of a hill into a- ' 
ditch around the hill may require some njiethod of croising the cut and fill area to be 
disposed of ^ A culvert can be inBtalV«d at the lowest point to drain the water from . - ^ 
the ditch to the low fide of th* hlU far enough away from the fill to prevent damagg" 
to the roadway. Culverts are usually constructed from pipe (iron, con^jtete. etc), 
wood, or oil drums Whiqh arOUced in trenches across the fill or cut and c(Wered 
With fill material. They usually receive the^wat^r from an open drain (dltch^dr " 
slope) and dispose of It Into another open drain (jn the opposite fide of the fill or cut. 
You an<i your equipment Will nort^ally be vsed to prepare the-trench for the culvert, - 
' and backfill to cover the cMiy^ii. ^^he bttlldoier aw! the Drott 4-ln-l attjtfihments 
are the best suited equipment for jJ^rformtag these operations. The icdop loader 
' and other equlBment can be used, but ^he two mentioned afeve ire the best of the tvoe 
equipment to which you will be assigned. Here again the lpth%f the trei^h and the 
slope of the trench are very ImpoHant. If the tre|ich is tot ahallow. the w'at^r may 
seep undiJr the cplvert^and erode the area. If the jlope of the culVtfft is too steep 



- the wat^r rnnninf through it 111 flow out the low end with enough force to ^fode the 
•oil which trmy clause damage to th^ project. There are other typea of cover^ed 
draina a^milar to the culvert to carry the water over long diatancea, but they are 
aeldom uaed In military conatruction. y 

2* Cpye^eii draina. Figure Z^tA illuat rataa aome of the covered draina which you may 
called on to dig'^trenohea f^r, Freftoh draina may be uaed in camp aitea, for air- 
field draiiiage» ind for removing aubaurface water*^ Storm draina like thoae uaed 
in the built up ireaa In thd United Statea are alao.conaidered to be coveijpd draina* 
Wpter flowa doi^n the alope of a atreet or other aurface^ falla into a pit or trap and 
ia drained off through Urge undergi'^und pipei* Thla ayitem la uaied moatly for 
permanent inataUgtipiHHt The tr^nchea for their conatruction are uaually dug by 
trenohera, crane- abovala and.attachmenta, or other equipment not formally aaaigned 
to operatbra with your rank and experience. However, traotora and acraperf can 
be uied for blearing the ritght**pf*-way and for digging very large trenchea. The ^ 
equipment iK)^rmil.ly aaaigned to yiu will be ua^ to backfill the drain. ^ 
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Typical aectiona of covered and French draina. 
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Long^itudinal drainage of runway a. 
Fig Typ^P draina. 
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E8tabll8ti^i)g <^r%\f}^. The proper coriBide ration of drainage during all phases of the con- 
atruction will often eliminate costly/^elayB and possible consti-ucHQn failures due to 
saturated subgrades. It is impossible to prescribe set rules for installing a Hralnage 
^^^^^"^KK?'"?^*"*' <»»'aloage should be established or considered before clearmK 

and grubbijig begins. Equipment and personnel are not as proficient when working in 
water as they are when working on dry ground. Whenever possible Jse the exisuL 
drrtln*ge and Improv, It if necessary. For example; if yorf are to construct an air- 
field thathiis a pond in the middle of it or a small stream that crosses It. they must be 
drained or retouted. You can drain the pond or a swampy area by trenching or ditching 
along th? route that th« overfl«^ normally takes, A stificam can be diverted toward the 
lower aide of the proposed airfield. Some of the dit^l^ and trenching may be of a tem- 
porary nature; just to dry the area so that It can be prepared for earthwork construction. 
^ The installation of culverts, permanent ditches^, and French drains or other drainace 
systems ijmsjjplly accomplished during the rough grading. For example, yoTknow fron* 
• V the plans that i culvert wiU be instaUed between tWQ hills; the culvert should be put in ^ 
iJlace after the fiU material, has been placed deep enough that the weight of the equipment 
wiiyot damage it as the Trill operations continue. However, yoq would n'6t dig tfiKtrehch 
and install a culvert for a hillside cut until the surface was cut down to grade level So 
plan tp use exiating drains if they are adequate or to construct temporary drainage'at 
the beginjilng of t^p project, and maintain and improve them as the project progresses 
or uivtil the pefm^-jnt drains arelnstalled, j t- n 

llsLd ^t^^^ll Tt?H % /^T ^^'•iPP^d.oand a drainage system estab- 

lished, the Job is to 6ut the high points to grade and to fill in the low j>oint8. In Quttlng down- the - 
high spots, -enough suitable flit material lnay^e7remo^j^ toTiU the 1^ spSts," Howe^^r it may 
be necessary to develop other sources of fill material.'lf it is necessary to borrow fill material 
usually a sho^ or scooploadtjr is used to dig up the material, agd^Lump trucks or dump wag^ne 
are u^d to haul it to the fill point. If the site is on hard and rocCTerrain. it will be necesfaJy 
to loosen and break the soil by using t\ie ripper attachment. Dojsers will hahdle all short-haul (up 
to 300 feet) qxcavatlons. For hauls of 300 to l. 500 feet, CrawI^r-type tractors and scrapers are 
more efficient. For longer hauls, trucks and shovels or motorized scrapers are Used, Before 
fill material can be placed In low spots, a suitable foundation must he prepared: It may be neces- 
sary to place fill on a side of the hill, therefbre suitable benches ai-e^:ut before the fiU is placed 
Drainage must be provided under the fiU. In general. . aU^fllls are built up in compacted liArers 
In construction work, these layers are called lifts. These lifts are from 6 to 12 inches high 
depending upon compaction necessary and the material used for the fill. In constructing a fill 
each lift is spread by dozer or scraper and then compacted. The fill material must have the right 
moishire content before it can be compacted; therefore at times It is necessary to wot the fill 
before it is compacted. After preliminary cutting and fiUlng have beep completed, the job is 
brought to final grade by rnotq£ graders, further smoothing and compacting are obtained bv 
using smooth rollers. • ■ 

3-4. GRADE STAKES 

a. Introduction . Grade stakes are the guides and markers u^ed in ^rthwork operations; _ 
they mark the allnement^* the lii;nit8» and the dimensioflj^of th^ Project* ^ They are usually apiece 
of 1 X 3 in. lumber, 2 or more feet long, set in place by a surwbpr. Since you will use 
the grade stake as guides in^earthmoving operations, you must ^ iftble to identify, rea^l, and in- 
terpret the tparkings.' At the beginning of the project and for some hasty construction,, you may. 
have only thejcenterline jltakep and possibly the slope and offset «takes to guide you. These will 
tell you the width, length, and direction of the area to be cleared. They inay or may not be 
marked with cut and fill markings. In Addition to the 1 x.3 in, lumber used to mark the project, 
small trees may be blazed or color coded to. indicate the centerline and other stakes. After clear- 
ijig. grubbing, and stripping, the grade stakes with cm. fill, and other marks will be set by the 
surveyors if the project warrants. Understanding stake markings wiU help you take the proper 
amounts of cut and fill to bring the ground to the desired leyeU You must be able to estimate the 
amount of cut or fill and the distant in relation to the grade Stakes to keep from having to move 
the earth twice. For example, if-^u cut top deep, dirt will have to be hauled in to fill that area 
to the proper level. It is better to leave Jit too high than to cut it toO low,: Qnce the Purveyor has 
set the grade stakes they must be kept iti good cbndition until they have $hrved their ptirpose'. 
Runningjover them or knocking them down will only deli^y t)ie project completion and cause extra • 
work for the survey crew. . Work around the stakes until yoi; are down to the desired grade and 
then remove the earth surrounding the stake. If a grade stake is accidentally moved, dohU try 
to guess where it is supposed to go or the depth that it was driven; let a surveyor reset the stake. 
There are other grad^ stake^of sizes different from those discussed above, but they are for the 



surveyor's use or the final grade stakes usee to guide the more experienced operators who will 
perform the final grading. *^ 

* . *-■. ■ 

C.enterUne grade at»kei « You must be able to read the* station markings and the cut and 
fil^ directions on grade s^kes. In surveying, the term "station" mdans points at which definite 
measurements are made,- You need not be concerned too much with the station markings, but if 
your foremim should send you out to station $+50 to do some work^ you should know how the sta- 
tions are nilimbered in order to go }n the right direction. Station numbers are marked on the 
front of each centerline stake, - y 

(1) Station numbers . . ' , 

(a) Let's look at the stakes |^ the centerline of a roadbuildlng Job. 'Hie starting pojnt i» 
the first station in the sUrve^j; this statioii is numbered (VfOO. The^ext station Vs nor- 
mally 100 feet farther and i^marked HOO; the third station is another 100 feet farther 
'^and is marked 3+00; and so oj. On sbs^p curv^is or on rough ground the stakes may be 
closer together (fig 3-7). If a station is located 50 feet farther^long than station 
3+00, it is marked 3+50, After the survey has gone 1, 000 feet, the station markings 
will read 10+00, 11+00, and so forth; the station markings face the starting point. The 
mark t , which is also on the side/facing the starting point, is used to indicate thfi^t the 
9take is a centerline stake, 

' (b) A cut is designated by the letter^,\and a fill is indicated by the letter F. Numerals 

follow the letters to indicate the^mount that the grade should be cut or filled. Look 
at the back of,the stake shown in figure 3-8, The letter C, of course, stands for the 
wpr6*'"cut. " The numerals 1^. (note that the tenths of a foot are underlined) following 
the dash indicate that the grade .should be out 1, 5 feet below that V mark the stake. 
]That V is called a **crow*8fopt, ** The c.row'sfoot mark ii^ iised in surveying so that tne 
line is easier to see. The V may point to a line across the stake in wbich case the 
cut or fill delpth is from the \ine. If the line is missing, the cut or fill depth is from 
^ the present ground levtsl at that point and the point of the V is almost or .touching the 

ground, v 

(c) In earthwork, measurements are made and written by the decimal system, as used in 
construction engineering* ^ost of your markings on grade stakes will be in feet and 
tenths of a foot. Occa9lonally» finished grade stakes will be marked in hundredths of a 

^ foot* If you are in the habit of thinking in terms of feet, inches, and fractions of inched. 

; it may be helpful to know/ that a tenth of a foot is approximately 1 3/16 inches; or that 

25 foot = 3 inches;. , 50 foot ^ 6 Inches; and . 75 foot * 9 inches « 

(d) The front of the stake in figure 3-8 sho^s the location of the station. As you can see, 
'station Is abbreviated STA, The station shoWn in figure 3-8 is located 560 feet from 

the sttirting point. ]jHe stake shown in figure 3-9 indicates that fill operations are to 
^ ^ be performed at station ^+00./The letter F at the top of th^ stake stands for fill. The 
numerals 2^ indicate that 2. 7 feet Of fill are required to br|n|jt the construction up to 
grade. The 2. 7 feet is measured from the xjrow'sfoot marked oh the back of the strike, 

(fe) Some grade stakes' indicate that no cuthng or filling is required. Fifure 3-10, for 
example, shows a gi*ade stake that is on the proper grade* The wor^' "grade" Is on 
the back of the stake, and the crow*sfoot Is even WUn the ground. As with tl£p stakes 
shown in figures 3^Q and 3-9, the station is marked on the front of the stake. If the ' 
three slakes shoWn in figures 3^8 and 3-9, and 3-10 were on the same ^survey con- 
struction Job- -a road, for instance^ -th^ contour of land to be graded might look like 
figure 3-11. Surveyors call this kind of contour a "centerline profile* > Since the 
hnul distance is short (50 feet between these two stations), the grading from station 
5+50 tp 6+50 would be a good job for a doTier. 
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(2> Example of ubo . Suppose the foreman told you to take your dozer out to station 5+50 and 
to clear and grade to atlitlon 6+50^ Do you know where you are to go, what equipment 
you will use^ and what kind of job you will be doing? The foreman wants you to go down 
the centerline 55() ft from the fttart of the project and clear ^nd grade 100 ft to a station 
650 ft from the ^tart of tW^rojeot, If the foreman has the plans or has seen the area 
ixe C(m tell you howSvldfe in ireia you ai^e tb^clei^r and grade; otherwise you will have to 
oheck the grade ist^kf^s aftter yoM get th«|re. He can tell you what to do with the trees, 
underbrush, snd fpoU thit you r^mpyp before starting the cut or fill operation, He has 
^ already told to take your dog er; the Item, of equipment to wh^ch you are assigned. When 
you* get to the starting point (station 5^S0)^ get off the tractor and locate the shakes and 
check their markings for the complete, area tjhat you are to work in. Also check the 
ground for a??^ pbatSQles that mpiy cause an iccident or slow the output of your equipment. 
You will be working alon« snd a .fplling lim^ ttovft la dead tree could- hurt you badly, or a 
soft spot in the ground may t^aupe you to get y^Mt trd\(jtor stuck; both would prevent you 
from completing the Job in the time alloted. 'After youHKve checked the area thoroughly 
and also the markings on the grade |itik^s>J>^isualize what the fi^iished job will look like. 
The area may look like that illustratecl in figure 3-7 when you start, but the particular 
area that you are to grade will be level when finished^ The grade stake at stiition ^-fBO 
may be marked for a. cut of 1. 5 ft the width of the eirea; station 6-fOO may be marked for 
^ a cut of 2, 1 ft on one side, 2. 1 ft at the center and 1. 6 ft 6'n the other sid^ of the area; 

station 6+^0 may be marked for a fill of 1. 5 ft. After you have cleared and stripped the 
area, you. would , cut tjie high area where it was marked cut/ and you wou^ fiU Jn the low 
area marked fill, ,^ny excess fill material would be saved and used in other areas along 
«thc project or disposed of as directed* The lOO-ft strip would be cut and filled to the grade 
specified on the grade stakes. The grade markings may leavc^^the area level or it may. ' 
be sloped from side to side, oi<Tengthways. 

c. Shoulder stakes. Shoulder stakes mark the outeV edges of the shoulders <flg 3-12), They 
are set at right angles to the centerline on the shoulder Hipe. Shoulder stakes ara set with the 
board side facing the centerline of the road. The same station numbers are' placed on the back of 
shoulder stakes as are on the centerline stakes* The amou(it of cut or fill is marked on tW^ide 
of the shoulder stake facing the centerline; this mark repi^esents the amount of cut or fill at that 
location in relation to the finished grade of the outside edge of the shoulder or ditch* The hori* 
zontal dietance from the shoulder stake to the odfnterline, may be placed uhderneath the cut or fill 
figure on the shoulder stake^ In figure 3-12, the stakes marking the shoulder line are aline- 
ment (hub) and finished grade (blue top) stakes rather than ordinary out and fill stakes, Hubs^ 
and blue tops are discussed later^ 
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Fig 3-12, Plan view of stake plsicement. 

d. Slope stakes. Slope stakes affe set at the intersection of the planned slope jvlth the orig-" 
inal ground. They indicate the earthwork limits on each aide of the centerline. Minimum areas 
to be cleared and grubbed e^ctend outward about 6 feet from the slope stakes. Figure 3-^13 shows 
a slope stake set on the edge of a cut, (A centerline stake, marked is also shown. ) The 

dotted lines indicate the outline of a cross section of a road and its banks. The slope marked on 
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the stake !• 9 to 1. Slopes are giveivin ratios of horlxontal dlBtancc to vertical distance. Thus, 
In the cut IIb figure 3M,3, for every 3 'eet that the bank Is cut in the direction of the centerline of 
the road, tl\b,|ir$kl|;Qeff down 1 foot toward the shouWer ol the road, or 3 feet horizontal tor 1 foot 
vertical. Ijr th^ same 3 to 1 slope were placed at the t>ottom of a fiU^ it would mean that for every 
3 feet out from the shoulder, the height of fill should drop r foot below the top ofthe shoulder of 
tlie road. If a slope stake dpes not specify the slope to be carried on n bank or fill, you will slope 
from ^he edge of the construction to the point at which the stake meets the ground* Figure 3-13 
shows the slope on only one side of the road at a particular point. Another slope'stake will be on 
the opposite side of the construction sits (fig 3-12). The slopes are not necessarily the same on 
both sides of the qpns^ruotion site, . * ' 




' rig 3-13. Slope stake. 

e« Offset stakes. Grade stakes that are aet ovk of the way of the excavation, are called offset 
stakes (fig 3-14)/ The markings on an offset stake identify the distance of the stake from the 
centerline of the Construction and the out or fill data tq finish centerline grade. In figure ^14, 
for example, the markings on the stake indicate that the stake is offset {OF), that the stake iiB 
40 feet from the centerline of coitstraQtlon and that th^ area direOtly in line with the stake* inside 
the construction area, is-to be cut ? feet. . During ^arthmpving pperationi, center stakes miay be 
dug out or covered iip; offset stakes ^ay be used as reference control points in reestabllBhing the 
centerline of the construction. They are also useS to indicate ^he ban^^ed portion of a curve which 
lies above the regular. grade. ' . ^ ^ 

f* Finish grade stakes. The more ex|)erienced operators will normally do the final grading. 
They tre likely to work with stakes called blilfe tops. These sti^kes are driven into the ground 
until the top is at the exact ^evation of the finished grade, as determined by the surveying crew. 
When the top of the stake is at the desired finish grade elevation^ it is colored with blue lumber 
crayon to identify it as a finish grade stake* (Other colors may be used, but blue is the usual 
color. ) Stakes colored In this manner.'are for finish grade only. / ^ 

.-""^ - " . . ' 

g. Hub and guard stakes . A hub or hub stake (fig 3-15) Is placed to show the exact location of 
survey line and station. The stake is driyen even witli the ground): and a t^ck is driven into the top 
to help the surveying crew in allnemeni work* A guaijd stake may be placed near the hub stake to 
help identify the hub and to protect it. Station identification Is olaced on the face of the cruard stake. 




Fig 3-14. Offset stake. \ | * Fig: 3-l|^. Hub stake. 

h. Reading atakes properly , ; As mentioned earlier, reading stakes correctly is one step in do- 
ing an efficient Job at grading/ .Failuirelto rei^d a sti^ke correctly can cause you extra work and de- 
lay an entire job; If you see » atalce ;that doe* not meiin anything to you. or if you are in doubt about 
the markings on a stake, <io not go ahead Dlindly; stop and get squared away. If necessary, ask the 
foreman in charge of the job for instruqtipns* Figured 3-12 and 3-16 show a cross Section of con- 
struction work (which could be either a road or an^airfield) with stakes and markings. Study these 
illustrations carefully; they showi the placement of the main typ^s of stjftkes discussed in this section* 




Fig 3-16. Cro0fl section of runway nhowing stakes and markings. ^ 



i. Working around. grade^ stakes . All of the stakes discussed in this part of the course are 
set by the surveyor so Xhat t)»e operators and the rpst of the qonatruction crew can build a road, 
airfield, pr some othei^^rpjjb.ct to Ifrade specifications. They should not be disturbed until the 
earth around ihext\ is to tlijgi;i|ltpeclfled grade level. It is your duty to keep from rM?lning qvet* the 
stakes, pushing them out of plise. or all^wthg the earth falling into a fill area to knock them 
over or out of iilltiem^^nt* If Pfl^e 9f th^V^^^^ipff? happens, work on that part of the project must 
be stopped until the survey cre^ cnh cpin^pjut aiKj>eset the stake. After the surrounding area^. 
has been cut or filled to grade, ' th^ earth where tti^rade stake ia^can be cut away to the sume " 
level. Notice hpw civilian contractors seem to lea^ little mound $ of 3irt in spots where tractors 
and scrapers are working. Th^ie little mounds ar«^here the grade stakes are lpcate<J, 

j. Judging distance . For miry y^f^^^ hae re|ied on bis eyes for Judging distance. He 
goes hunting and estimates the^^istance from him }Q %i^ target before shooting. " He will plan a 
trip and estimate the distance. You, as an equipmeht operator, will be more efficient if you 
learn to Judge distance at close and long ranges. You must be able to estimate both horizpnfal 
and vertical distances. After you learn to estimate -these distances with a fair amount of accu- 
racy, you will begin to get niore production from your equipment during earthwork operations. 
To help you to learn to estimate, stick a yardstipk in the grpund near ttie corner of yo\ir do^er 
blade and notice how far and how farft the blade mpve$ up and down, Pterhape by just biiiaipinl; * 
the cont^rol^ lever, the blade will raise 1 in. , pr it may take 2 seconds. for the blade to raise 2 
in. when operating at an rpm siniiliajr to that of a fully loaded tractor. Make what yoii ;^dge to ^ 
be a 2 in. cut across an area, then Iny a board over the cut and measure the depth. Doviff 
expect to be perfect every time pr to be an expert a short time. There are many Jobs that 
you will perform that ^111 not have grade stakes afltyou can save yourself time by being able to 
make si good estimate. You can Judge long distance by knpwing the speed of your equipment and 
the traveling time. - 



*.5. SpIL ^ . 

a. - General. Since you are going to be working with earth and earthmoving equipment, you 
should know something i^bout the material you are to handle. The atudy of earth or soil is termed 
soil engineering or soli mechanica* , It is a complicated subject* but fo^, your purpose it is not 
necessary to go into it in great detail.' For identificatipn and cl^asvification purposes, all soil . 
can be grouped into five principal types: gravely sand« silt'<rbck flour), clay, ipnd organic soil. ^= 
Each type has distinctive properties which can be identified iLn the field. Each type of spil also ^ 
has distinct engineering charactetistics. Let's take a. look at the soil with which you will work. 

b. GraveU You are probably familiar with gravel. In soil terminology, any bulk mineral 
grain larger than 1/4 inch is cl%s*ed aa |{r%vel. Qravel is made up of rooks o|^ vfiripua sixeSi^ As 
a rii|e, 'the rocks are ^otn smobtlyby water potion/ Next to solid bedroc^kiAv'ell graded and com- 
papt^d gravel with enougK|[)ine miiteriai tp fill the voids between the gravel is the ttioSt, stable and 
natural foundation material^ It is desira|>,le material for baae and surfi^ce cpursef for airfields 
and road¥> since It ii easy to drain, easy to compact, hot affected greMly by moiature, and not 
subject tf> frost actions. 4 

c. §and . Mineral grains ranging in sice from abPut 0. 10 millimeter (mth) to 2 mm in diamete 
are classified as sand. (There are about 25 mm in an l<^cli« ) Well-^grajded i{(^ular eand ls a de- 
sirable foundation material if it can be confuted. It Is relatively efisy to comj^pt* easy to drain, 
little affected by mol|iturej ^nd ordinarily not affc(cte|d| by frost action^ Confined ^and provides an 
excellent subgrade and for this reason, it works well under l^inding mats^i|I^ satid is uniformly 
very fine, it approaches silt and has manjy undesireable characteristics, j 



SilL con»Ut» of minermt grmlna much finer than jand* Thea© grtipji are between 
0. 002 mm and 0. P5 niin in ^iaineter. Silt ip ipn^etiinea teniif d "roiDl^^ flour. " It ii not plaatio 
and does not hold toge^er when dry. It pan ^ diptingulihed from fine fMid becailfie it feel a 
smooth; not gritty, to tiie tonoh. Silt piay alap h© id^ntl^ad by making a smaU naud ijflSoB it 
4hd ■haklng It in your hand. If the ewnple ip ■lit, water will come to the aurface^ cauilnt-*^to 
look gloaay and koft»-^uea»li»g th^e.ewwpXju^PUli^^ 

due to their JnatabiUty» Slight diaturbancep in the presence of water <auch aa traffic Yibrationa 
tranamitted;to a wet pll\ ihihgra(ie) may cause ttiem iQ teecome soft pt to change into a quickaand 
joondition, ^en ground' water or aetpage Ip preafiM, allta are aubjeot to ice accumulation and 
conaefiitnt hepYlng w^en exposed to froat actlona, Sits are difficult to cpmpact and difficult to 

dralii^''.-- ' ' ■ ^ • ^ 

e. Clay. Clay conalata of particles 0. 002 mm in diameter or gmaller. Claya, when they 
have the propet^ moisture content, are sticky, Thia Is their most in^K>rtant characteriatic. If 
a piece of clay Is kneaded with enough water to indlaten It, it ckn be qqueesed through the fingera 
to form a ribbon that doea not break unftr Ita own weif^t. Thla test may be used to differentiate 
clay from silt. Clw is difflcuit to drain when there ip ground water. It can be compacted when 
the^moiature cpnte^ is rliht. It varies in conalstency f rom slippery to sticky, depending on 
moisture content. Hard clay is difficult to ejccayate and may require the use of a ripper. 



f Orga nic soilp . Organic soils are of two types: peat soils, consisting largely of partly de- 
coniposed vegetation and finely grained mineral sediments, containing various amourits of finely 
divided vegetable matter. Peaty soila can be identified by visual inspection. In organic clays 
and elite, the organic matter is so fipely divided that it cannot be detected easily* You may be ^ 
able to identify organic material by l^e imell. Pe,aty and organic soils are unsatisfactory sub- 
grades. In genetal, they shoxild be removed; . , 

g Soil mixtures, goila aeldoin exiat naturally separated aa gravel, aand. ailt, clay, or or- 
ganic niaierlal. bui are found aa mixtures with varying- proportions of the five principal tyoM. 
Each type of soil contftbutes Its characterlatici to the mixture. Some combinations make»t«el- 
lent subgrade, base, of surfacing materials, A very good example is a mixture of thr right . • 
proportions of gravel.^and. aiit. and cUy. - Another example i^s loam, a soft mixture of sand. ^ 
ailt. ind clay. Such mlxtui^s are aomettmea, found in nature. However. It is frequently neces- 
sary to combine aeparat* soils by mixing to produce^a aatisfacto^ combination. Identification 
of combined aoila dependa upon recognition of t||e individual aoila In the combination. 

3-6. NATURAL «OAD^ AIRSTRIP MATERIAL 

Most pei^anent roada and airstrips are surfaced wifh concrete or some, bituminous mate- h 
rial like asphalt. Certait} other materials, however, can be used to surfape roads and airstrips. 
These materials include coral, caUche. and deporoppaed granite. At an fdvanced baae, any of 
theae materials may be used because of the impo^^ance of using materials that ar« readily avail- 
able Durtng World War U. for exarfjple. Seabees in the^jPaciflc oft^n used coral |or c<)n«truction 
purposes. Coral, caliche.- and decomposed^granite Ordinarily dp^ not requlLrf blasting. Thepe^ 
materUls can usually be looawied with ripper attachments and can be picked up with tractor-drawn 
scrapers, or they can be loaded tato truck* with power shovels. , ; " j/t 

a Coral. Coral conalata of the akeletona of tiny aea animals ¥rt»lch hav^ jfoUdined into a 
atony mass. It varies In cdlpr from pure white to reddish. .Coral la foJ»n<| In €he bank* and^the ^ 
hllla of Pacific and Caribbean laianda. It may be ixcavated with a ahovel. or It *aky be dredged 
from the oce#n floor with a dragline or clam»hell. It la eaftjellent gubgrade and aurfaciag mate- 
rial, since It la eaally drained. L^ve coral has natural cementing proptrtiea. Hard denae coral 
may be cruahed and mixed with bltumlnoua bindera for blacktop finiahin||pf ro^t «nd airstrips. , 

b. CaUche^d d ecompoaed granite. There are a nun\ber of other good i^tural wbgrade and 
aurfaclng materials. Among those you are most likely to find and use are caliche ,^nd decompoaed 
granite. . ' > 

<1) Caliche la a hard, cemented #oil layer locate<|.on'or near the earth's surface, ' it doea 
not aoften when wet. CaUche la usually found in aeml-arld regions Hlse Atlaona. A » 
reddish brown material, it infy b« in tejrture. 6v It may Ipesemble coarse grains qf 
sand cemented together, Larjfer stones may be lodged In caUche. It la sometimes 
found on «ie building site. Or it may be excavate^ from pits and banks. Like coral, 
caUche" la eaally compacted, drained, and haa nstural cementing properties. 

r- " " ..." ' • ' 
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(2>- DecompoMd griuttlu, -as 4t0 nai»« 4^ beoom* soft f roxp long 
wf4itlhtrliif. In x^o^ot. It varlet from reddifh bjpomn to blm^k. Like oaUohe, it may be 
fouiKt^in place on apnie Job*, Olheririipe^ it i# excavated Irpoi pit e and banks. Decom- 
poaed. gnuiite }im tb^e* same copapaotinji and draining characteristics as caUcbe and ,ci>ral. 
You may hear s^nif one referring to 'too" In a conversation about road or airfielcf con- 
itjTtt^tipfi . , Kaja. talking .ahovt dteomposed^granite...... ..^ - 

<3) ara to recdgnlse theft natural roadbullding n^terials; they are hard to find. If you 
cut into a bank of cpral/ caliche^ or decomposed granite^ yoyr discovery may mean 
valuable si^vlngs to the Marine Corps, 

3-7. CpMPACTlIP SARTH 

Coinpaction^ as usf d in eartf^work operMions, means pressing together soil particles to 
form a smoptti, tyen surface. Compaction helps the soil to shed n^wat^r and also makes the 
soil more resi|rtiuit t^ aoi^ng up finplsture from below. Coral and caliche, as well as spft ^aails^ 
may be compai^d.^ CPmpacti<m tan be accoin^|yfhed by rollers^ pneumatic-tiir« units, and skni- 



lar equipment, to ^3ht9in a soil furface hard juHB enough tp support loads without ^eUling 
buckling. Tracked yehiclef are very poor it^ml^of equipment to use for compaotipnt Wheeled 
vehicles can b^ used If regular compaction equipment is not avaijiable, A 4oaded jeep >»ill do 
better for compacting than a large crawier-tr^cfpr. The tradtof* wejgiht in di^itrlb^^ over a 

larger square ar^a through the trecks than the weight of a Jeep thrpugh the fonry^els. 

^ . ■ . ■ ■ " i ^ *^ 

a. ^otopaotion principles. There are no uniform procedures for compa'cting e^r.th, because 
soli types, operating *conditionsJ ' and availaM© ftquipmint vary froni area tq area. Still, ther^ 
are a few priihciples of compaction that can be applied generally: soil particles must fit together 
tightly, the soil must have enongh moisture content to form Into a smooth surface, and the earth 
must be placeul in layeA thin enough to permit excess air and water to be expelled easily. 

b. Visible signs to look for.^ While you need not kpp^if^e tests for adequate* compA^tion^ you t 
must learn to recognize poor surfaces. Soggy 'surf a^fes Indicate the presence oT excess, moisture; 
uneven, lumpy surfaces indicate too little moisture. ^ " 

3-8, ^Mlt^TARY ROAP9 ' T 

« The criteria or specifications for military roads are estd^lished to insure tha\ the roads" 
will be able to fulfill the purpose for whicbT they are built* Thou|^ it is po^^ible to consttHict 
roads with very n^^ri^w traffic lan^fmnd with excespively ste^p gm^des, and although these roftde 

I-'' could actqally carry traffic, roads so built have a reduced capacityjand aire iar less effective foil 
suf taine4 operations than one for which the gpeoificatjtpnf are j|fltbi\desirable bPunds^ A road 

' built to adequMe specif ications.wlU seldom presen|^<^in\4|^ - 
pansion» both of which requirj^ a large Expenditure w%||tical enfi|ieer consthiction effort that 
could be better used on new tittnstructian. It must be borne ip mhiSSiiat the iipecjiflcatiQns^f^t 
^ forth in succeeding paragraphs are generally quite liberal. These urit^iit* are bailed tin ma!?t- 

^ydning^a traffif flow of about 2, 000 yehioles per'dMy At a design f/p(|<ld of 25*39 mph* Tactical 

C?onditionp of localised construction t>roblems may require certaii^chan^es in^<> suggested 
criteria. ■ . - ■ 1. ■ ■ t ■ 4*^ 

a. Structural pa^s of a road . Figure* 3-17 illustrates a crpss section of abroad at a point 
where ttie construction is along the riide' of a hill, normally rei^erred to as^ **sidehiU cutl The 
following discussion refers to this figure* ^ , ' i ^ 

(1) Cut , Th^ tenn ''cut** has two general meanings ih road construction. ^ It refers to an 

es^l^atipn t^^rough which the road pasies, below the^ original gfound level, ^^jpprtion of^^ 
' <^*n ^ described as a cut section^ indicating that th# necef sary earth^rk con- ^ 

si^^Kf earth removal below the original ground line. The^leh pic^ of figure 3-i7 is a ^ 
cut iection. Cut is also used to txpress the differ^npe in eleya^on between the final 
^ grade line and the original ground line or the line to/whlch construction has progressed. 
Thus the phrase "ctit;oflO feet'* would indicate that lan excavation of iO feet is required 
, to attain final elevation. 



(2) niU A "filt* mottoo Ivune mt irhichilw t»ri|inia grotind Hue muet be relaed in order 
toTrlnf tlie roM up to final elevation. right aide of filgv^^e 3*17 ia a fill section. 
The material uped for thie'fUlhig operation must conform to certaitv re<iuireinent8 of 
compaotion and must be empUoed acqording to proper procedures which will give the 
load*bearing results requirexl. **FiU** le also used to ipdicate the difference in elevation 
between the preeen^ ground line and desired final Elevation. 1^11 needed to complete a 
road but not available from out sections is known As 'Wrrow'-, ^ 



/ ■ 




Fig* 3*17^ Structurel parts of a road. 

<3) 9ub flrade > The subgrade is me toundation of a road apd can be either the original ground- 
or nil material placed on top-of the original ground. The function of Uje eubgra^i^j^jto 
support all loads that the road i« required to carry. The load-bearin^^p§clty>jc)f the 
soil ean best be determined by appropriate J^efts made in the field. ^erlUn types of Soils 
' in place flready have-the cepebUity of ceri^^ the4oads applied. • Hi>wever. in fill sec- 
tions, aii4 in cut sections i^ere the natural-ground is in^ad^ete for this purpose, suit- 
able matf ri%l jnaust $e emplaoed and compacted to provide this' strength. The depth of 
the Bubgfade fiepends on the type of soil present or available t<^ be emplaced* To main- 
tain the strength of the subgrade, adequate drainage must be provided. Final grade ele- 
vations i^ven on e profile most commonly refer to the subgrade elevations. 

(4) Base course ^ The base course of a road consisti of select materials placed in a layer 
over the subgrade for tl|e purpose of distributing the .load to the subgrade. Within, prac- 
tical limits, the thicker the base course the greater the amount of distribution. However, 
the thickness depends on the^ properties of the subgrade. When properly prepared and 
placed, traffic can move satlsftictorily over the base course of the road. In the summer, 
however, and particularly in hot arid areas, ^e loss of moisture in the base course may 
result in en unjpleaeant dust epnditW. In wet weather, the porous base course absorbs 
mud^ water, and deterioration may result without ian adequate surface above it. Also, 
the pounding of heavy loads will ultimately cause disintegration of the bese course, and 
its prolonged use as a surface is .not usually recommended* 

^5) "^rface course ^ The surface course prov^es a smooth^ hard surface on which the traf- 
fic moves;*' It can be constructed o£ sevefjd type* of materiel— esphalt or tar products, 
concrete?%ravel, or compacted earth wi^pl^f ertain types of binders. The surfaol course 
should be all-weather find should provide for the' rapid removal of any surface wiiter. 
The use of treated surfjl^ee roads is .economically limited tp those which have a relatively 
long life expectancy. In general, a divisional road with a Ufe expectancy of 6 months 
. will requirf only an earth or gravel surface. m ^ 

** ■ ' ■ 

b. Other nomenclature ^ yd speclflcetions. Figure 3-18 shows iT typical road section with the 
parts named according to stancilard military termitiology* 

■ ' . r . . ■ " 
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F4g 3-19. Roat] nomenclature. 

¥ . . .' V^/ ■ ^ . ' 

(1) Traffic IwlM * a traffic lane conflista of ihat portion of the rpad surface over which a 
single line of traffic trave^ng in the aame direction will pasf . For single -lane roads 
fWHere the traffic must move in one direction* the traffic lane would at least 12 feet 
wide. For a muUlUne road, each lane should be at least 11 feet Wide. Widths some- 
what less than these will actually carry most military traffic, but the capacity of th^ 
road will be correspondingly decreased. 

(i) Traveled way> The traveled Way is that portion of a road surface upon which al| vehi- 
cles move or travel* For a single-lane road, the traveled way' is the same as the traf- 
fic lanes. Therefore, for a 2-Une road, the traveled way will normally be 22 feet wide. 
If a surface course ii provided, it extends only across the traveled way. 

(3) Shoulders . The shoulder of a road is the additional width provided beyond the traveled - 
way, tile minimum width of shoulders on a military road should be 4 feet. Shoulders 
have three general purposes. They provide a space for emergency parking of vehicles 
or for the movement of marching troops. This is particularly important for military 
operations and underscores the necessity for wide ^^oul^ers. They provide a gradual 
transition from the fairly flat surf^sice of th^ traveled, way tp ihe much pteepeV ditch 
slopes^ thus assisting In the removal of surfacie water, and because of the additional 
width they help prevent erosion. Finally they provide a safety zone along the edges of 
the traveled way. Shoulders are competed but sfe|Mom surfaced, 

(4) Roadbed . The roadbed is 4eBignated as the entire width of surface on which a vehjcle 
may stand or move. It consists of the traveled way and the shoulders. Thus, for a - 
1-lane road the roadbed Is 20 feet wide, while for the standard 2 -lane rbad it is 30 feet 
wide. ^ ^ 
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ssification of slopes . 



There are three types of slopes referred to in road con- 



1. ^ 
of 



t Slope. 



Cut slope is the incline extending upward from the ditch line or bottom 
the ditch to the natu]j;al ground. It is often referred to as the back slope. 

Pitch slope. The ditch slope li the slope of the ditch which extends from the out- 
side edge^of the shoulder to the bottom of the ditch. This slope would be relatively 
flat to avoid damage tb vehicles which may drive into It and to permit the escape 
of vehicles which may^kave become trapped. It is sometimes referred to as a fone 
slope. <^ ^ 



a. 'Fill <lope» Jht fill slope if the incline extending from the outside edge of the 
shouldi^ to th^ toe or bottom ^of a fill. The fill elope ie a type of fore elope. 

(b) Function Jt MloJif * The prlm»y function of alopea is- to provide for drainage and to 
prevent shiftitik of Voil. ' \ / * 

(c) Meeauretyrfnt of slQpef . Slopes are comnionly apecified in terms of a ratio when re- 
ferring to a brosa fection^ aW a percent pr degree when referring to the length or 
alinenKent. Theie are a meiffure of th« relative ateepneas of the slope. The slope 
ratio is exprewsed if th^atio of horizontal distance to vertical distance. Thus a 2:1 
slope ratio (fig S-lft-Apslgnifiea that for every 2 feet horixontally there has beetr'a 
rise or fall pf^ 1 foot. The choice pf the slope ratio used in construction depends almost 

; entirely on the properties of the soil involved. Ditch slopes may also be governed by 
the quantity of water to be run off and the possibility of ditch erosion. AUn^ment slope 
percentage is illustrated iv\figur^ 3-19B. Degrees pertain to angle of incline from 
;^ horixoi>tal* In the absence of 6th\r criteria the following are recommended minimum 
' slope ratios for road construction: 

Ciit slope . ! ^ 1:1 

Ditch slope 3:1 

Fill slope , . 1 1/2:1 / 

Alinejpnent grade . - » 10% maximum except under extreme topographical conditions 

(Slc»pes, in rpck cut, may te much steeper. ) 

AUnement grade 6% or les^Tireferred. 

Slope degree Lowest ^axifhum of vehicles for which the road is built. 

a. / ■ 





•LOK SATIO 10' 

til 

Vertical distance 
Grade % - x 100 

Horizontal distance 
l/IO X 100 - 10* 
A B 
Slope ratio. Grade percent. 



Fig 3-19. Slopes and grades, 



(6) Roadway . The roadway is the entire width which lies within the limits of ea^rthwork con^ 
. strucHon. It is measured between the outside edges of cut or fill slopes* Roadway width 
normally' does not include interceptor ditches if these ditches fall outside pf the slopes. 
The width of the roadway will vary from section to section depending on the height ojF cut 
or fill» depth of ditches^ and slope ratios used^ 



(7) Dltchey * Ditches are constructed aj the same time as roads to provide channels for 

removal of water^ either surface or subsurface^ from the road slte« There are sev- 
eral types of ditches that may be constructed. Lateral side ditches cai^ry water parallel 
to the road and receive weter running off the surface, interceptor ditchea catch water be- 
fore it reaches the subgrade or road proper^ and culverts provide for the movement of 
water from one side of a road to the other. 



/-the 
era 



(8) Clearing. Clearing is the removal of such material as trees, br]u^, buildings, and 
fences froanTthe )ro|dway site. Thle inust be done t*fore earthmoying t^peMtions can 
begin. To providelntfriclent room fpr construction operations^ cleiirtng Is normally 
carried to a width of 6 feat outside the roachr^y on both sides of the roed. This width 
of claarinf will provide adequate cdnstructton room and will improver sig^t distance 
ground hoHiontal curSres, The total width of cleaHng will vary from seotibn to section, 



but^wllL^mmlly b« 12 feet greater than the roadwjiy width. Local cdhdltions may re* 
qutrelk^iKatfr wMj^;^H«rea real eitat» Utnltrntlona mny force reduction in thie 
figure. Bgure 3-*2Q. il^uatratee a typical eection at which the width of clearing ie to be 
ntra. 



determinl 

Given: Standard 3 -lane military road 

Cut at construction limit. 4 feet 

Fill at edge of gho^ld^r , • • • • 0 feet 

Ditch depth below ehouldti^r. ^ ^ ^1 1/2 feet 

Recynmended minimum elope, ratioe used I ^ 

Find: Total wi^h of . clearing ^ 

♦ 



Solution 



Traveled wigr 2 x 11 » 82 ft 

,Iloadb9d 22X2 X 4) 30 ft ' ^ 

Horlsontal distance figom outside edge of right ehoulder to bottom of fill 

1 1/2x6- 9 ft , 
Horlsontal distance from outside of left shoulder to top of cut * (1 1/2 x 3) + 

(1 X 5 1/2) - 4 i/2 4^ 1/2 - 10 ft 
letoadway 3Q-I- 9 + IQ - 49 ft 
Width of clearing 4^.^ (2 x 6) - <S1 ft 



r 




I Fig 3-20^ Determining width of clearing. 

(9) Crown. The crown of a road is the difference in elevation between the centerline and 
the edge of the traveled way,^. Crown is provided to inpure the rei:noval of rain water 
which falls on the road. The amount of crown provided primarily depends on the surface 
used. Surfaces such as concrete or bituminous materials require little crown because 
of their impermeability, whereas permeable (porous) surfaces such as eHrth or grl^vel 
require a relatively high crown« Crown is normally specified as the number of inches 
rise per tioritontal foot measured from the edge of the suHace (o the centerline. For 
concrete and biturhinous surface^ the crown is normally fix>m 1/4 to 1/2 inch per foot; 
for earth and gravel surfaces, from 1/2 to 3/4 inch^per foot. 

(10) Superelevation. When traveling on a horisoiital curve, vehicles'have a tendency to tip 
over or glide toward the outer edge of the <?urve. This is caused by centrifugal force. 
The greater the speed of t^e vehicle gnd the sharper the curve, the larger this force be- 
comes, thus increasing the hasard to safe vehicle operation. This force may be isounter- 
acted by raising the outer edge of the road to an elfryation greater than the oth^^r side 
(fig 3-21). This difference in elevation is referred to aii superelevation. Superelevation, 
like crown. Is specified as the number of inches rise per horlsontal foot* The value 
varies With the type of SMrf*ce and with the design speed of the road« The ininimum value 
for earth or gravel surfaclj mugt be l/^^ltich per foot. Superelevated roadi should be 
widened as well. When going around a jih*^ curve the back wheels of a vehicle do not 
necessarily follow Iti the tracks of the ftAnt wheals, and for this jreason a greater width 
of trav^lea Wfy ie needed* ehown in figure 3-21. , 
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Fig 3-21, Superelovated road. 

flhouldyr-jlopei . Tb9 slope of the ihould^i: oan be the same ae that of the traveled Way, 
but a Utile f reatf r elope is dufslrable einoe the ehbulder la more poroue than the eur- 
face couijee. In feneral^ jit should be approociinately 3/4 to 1 1/2 inchee per foot* 

<12) Overhead cle|ir»ncet A mintaiutn clearance Im specified between the road surface and 
any oyeirhead oonstpinictlon ipuc^ is 'a t^rldge or overpass. ;Thou||^ this is dependent up- 
on the height of the v^lcle, a m^lmuin figure of 14 feet should be provided. 

^^^^ *rMmout»> Turnouts itre provided on. l^^lane toads where traffic must be routed In both 
direciione am) on 2-lane roads where there ^ a nec^elty for vehicles to stop f requently* 
On 1-tane roads, turnouts should be provided at lea^t ^y^T^ ^/^ mile to avoid excessive 
Jamming of the road due to traffic traveling In opposite directions. ' 

3-9. 3ATS ANp HSLICOPTER LANDING SITES . ^ 

s. General^ As ao engineer equipment operator, you will also find yourself involved' In the ■* 
preparation of airfields and helicopter landing sites. The Marine Corps has develo(^ed a.i^ophls- 
ticated system for handling high performance jet aircraft involving runways aa short as 2000 to 
3QlfO feet long. This is known as SATS (Short Alrfteld for Tactical Support). Also, because 
helicopters are now used a great deaU^ou will quite often find yourself carving out helipads and 
landing sites to support these aircraft. Both SATS and helipads require a bit of skill and accur- 
acy on the part of the equipment operator. ^ 

(1) SATSt The terrain In the area to be used for a SATS complex-jmust be leveled and rolled 
to provide a compact miitting base. Adequate diiLlnage mu9t b|. pibvld(»d^ remove sur* , 
face and rainwater from the fteld arcia. The soil should be disturbed Its little as possible 

^ in obtaining the prescribed finish In^rdeic to provide maxUnum heaxing capacity. Any area 
under the mjiittlng requiirlng initsllatir^ service or diraln ptpss or other objects must 
be sufficiently level so ^t the niats iTlil not yary more than 1/4 inch in height of 0r a 12* 
foot distance. Hand raking may t>e required to aooompli^sh thli condition, but it Is^e 
heavy equipment that dpes the bulk of the preparation and achieves the tolerances that 
can be finished with th0 ralt^e. 

(S ' \} ' 

(2) Helicopter landing sites . These are initially improved by expedient methods such as use 
of demolitions, handtoolii, and sniali, self-contained power equipnient, jDetpendlng on the 
planned usetand time jLvallable^ helioopter landing iites may b^furthter Inoiproved by such 
Work as completeiy ctMrlng the area of brush and trees* cleamng appYpa«?h lanes* im- 
proving drainsfge, and preparing parking areas for dispersal aiVLoalnouflage of helicopters. 
These tasks Uf ually IkiU to the eq[i^p|j(ient operator. The else of Vs Itondlng^sites ind^heli- 
pads wUl depend u)>on ths ^cticai ff qn^i^n^^ the number and iii^t ot helicopters to 
usethesrea^ and other factorf Ithait ari^ 

that must be rememibered by .the e^iuipnient operator Is that the slope of the hf lipad should 
not exbeed 14% or 8^^ Also* for pioneer helipads, in particular* ^t^ iurface must be clear 
of all dtbrls^ stumps* rocM* holes* and trenched that exceed lO^chM in height or depth. 
tJpoh further improvement« of course* these will all have to be >eliniinal^d. ^ 



COMBAT SUPPORT gdNj^TRUCTION ^ - 

' OeMral, Am an engineer equipment operetpr in the Marine Corps, you serve in var- 
ious combat snppotH and service support units, and perform strictly con>bat-type construction In 
a forward battle arei. Speed is the most important factor in thi« type of coMtruction. When a 
raad or a bypaas around a blown-up bridge is needfid. it ii Medfd right ^M9ak Because of this, 
many of the fine points of mor«^ pertnanent rear-area earthwork arc ellminattd. Projects are 
arc completed in the shortest time ^itb the least amount of earthw^t^ that will accompli||the 
mission. Much of this work qomes under the classlflcatlon of hasty or pioneer ^onstruc^n. Pro- 
lectrfare not j^slcally laid out* but are selected by reconnaissance only. Remember, in order to 
complete a project satisfactorily, you mustlcnow wh4t the finished product is supposed to look like. 
When you and your equipment are sent out on a Job, talk to the man in chi^rge. ^Find out exactly 
what he w^nts, physically checlc th* construction an^a/^^r any potential problem areas, and quickly 
determine the best way to do the Job. Remember th^ you can always come back later and enlarge 
or improve on your pioneer construction if the unit is going to remain in on^ area fpr a consider- 
able period of time. 

* ^ V 

h. RoadiV There are'several factors to consiiif r during the location of any new road, even a 

pioneer road. ^ ♦ , 

(1) Existing facilities. When possible, locate along or iver exl.sting roads, or trails. The 
use of e3cj[s\lng facilities shortens construction time/and, in nnany caaea, provides better 
roads than can be built In the short time avaTlable In combat operations. Usually It will 
be fairly easy to widen footpaths intd suitable I -lane roads. * . v f] 



<2) Drainage. Locate the i(oka on jKable, easily drained spil. Avoid swamps, marshes, or- 
ganlc soli, and Iwsi-JHrAs >iach may become waterlogged during rainy weather. For good 
drainage, locate the road along ridges and stream lines." 




<6) Future expansion . Even when the rdad Isknade with one pass of a dozer blade, it is pos- 
sible to locate it so that^ can ^ imprj^vc^, expanded, and used during future operations.^ 



/ 
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<3) Curves . Select a route that'eliminates curv^^s at the Ibottom "of hills and on steep grades. 

Avoid curves whenever possible; If you cannot, make\them as wide a.8 possible. . ^ 

<4) Topography . Locate the road along natural contour lines to avoid imneceaaary earthwork. 

Avoid rockwork. Pick an area t^^at does not require extensive clearing. / f>-: 

<5) Miscellaneous factors . Locate the road on the sunny (south) side of hills and oajwons. ^."^ 
Take advantage of natural concealment. In addition, the final grade should be at least 4 
feet above ground (subsurface) water loi^el. * 



Airstrips. An ajlrstrip for ligm^alson-type aircraft is generldly a clear area of land, not ' ^ 
more than l,OpO feet IndengtH, I^prrfally, the construction of an alrftrip consists of minor 
Clearing and leveling Only. Often a si^table pasture or secondary road will be found that requires 
^^tttile or no constniction work except possibly reinovitig a fence or occasional tree, or leveling a 
Lditch. Sotf shiuld be disturbed as little as possible. When too rougti^ cut and fill as little as pos- 
^ make the stripSisable. 

(1) Lasout . The long axis of the landing strip should lie In the general direction of the pre- 
\ ^ vailing wind, if possible.' The minimum* runwaV dimensions aVe 1, OOO feet long by 50 

F ^ ^feet wide* The widtlynay have to be increased when variable mind cottc^tions exist. 

' V ./Temperature} altitude, slope of the ground, and wind conditions will qause the length J 

- ^» ' o^^he strip to' vary. If grass is more *an 6 inches high, the lengfth of the strip should ;| 

V, be inc^ased 300 feet« .1^ not bunfi grass, stubble, or brush froh) a possible airstrip ^ ^ :h| 

^ ^ ^\Tr.. site. Burning leaves thd^round ba're and causes dust, which is a flying hasaiQd. Trees, f | 

' .l>oles, and objects at the ends of^the airstrip which might interfere with landing or take- ^| 

off, inust be cleared, - "-4^ 
. * . 

(2) O Aiding .<ind drainage ,. Landing strips must be reasonably level and fjp^e from holes#\ 

stumps' ;ir^cjks,, and similar obstrucUons. Grading is lim^te'd to the minimum necessary ^ ||j 

for removing Jabstacleii^ smoothing hu0tps> filling Iqfiwl .depressions, jand providing sur-- Ai| 
face, drainagii* iQraina^ must be adequate or the airstrip will be useless. 

« ' V — • " - . ^ • ^^'^ 



\ 





V 




<a) SurfacMr Th# u«uM^r#trip >Mk» • •od or •arth «urf*ce. If the field is rutted, it may 
, ' ' be smoothed by a soi'aper, gjader^ or by baok-bUding with a doter^^Sod provides a 

good wearing fnd easily drained surface. C^a^e should be taken to disturb the earth as 
' little as t>ossible; Other fortna of runway surfaces are not required exoept under unusual 

wet-we%ther conditiorie^ In this case, some surfacing of low spots or soft spots with sand 
optgravel may he needed. Landing mat or special treatment of thp ^wf^lce mty hjive to 
be used to provide all-weather capability to airstrips subject to inclement weather, 

^ \ ^ . : " ' ■ ■ 

d. Bypasses . This refers to hasty.roads which are built around blown up bridges, destroyed 
equipment, heavily mined secjtlons of road, and antitank ditches or obstacles. An important (ac- 
X tor to considexvin any of the«e operations is that the enemy will usually place land mines in the :p 

most probable bypass routes. Make sure that combih engineers check the area for mines before 
you begin construction. 

..." ■■ I " • 

(1) Remember, you want to get traffic moving as quickly as posdiible. Construct a 1 -lane v^i 
bypass first. You can then widen i^nd improve the bypass aft^r traffic begins moving. 

' 

f ' <2) When crossing m river, make^the approaches 9iope gradually 00 that traffic will not have 

to slow down unnecessarily. During construction, do not try to dam the river* A ford 
of rock or river gravel should be constructed so that water will run over it. Do not use ;.l;y 
soft earth fill. If necessary, take gravel from the upstream and downstream sides of the ' >^ 

ford to conetruci the bypass. After constructing a ford, make sure that the outer edges : \ 

' ' of it are marked. / ^ 

* (3) While constructing \>|r^a8ses, remember to keep drainage in mind. Construct the bypass 

as quickly af possible/ then make sure that the area is improved and drainage p]^ovided hs^Mm 
for. A bypass that turns into a sea of mud after the first rain ijjn't going to help lany one. 
The surface of a temporary bypass can be built up with thin lay|r8 of earth. Norvnal ^ 

* road traffic can be used to c(»mpact it. It is a good idea to station a man at the bypass to 
instruct truckdrivers not to travel in the same wheel tracks, lathing damages and ruts 
a hasty surface, particulary damp areas, more than a convoy of vehicles traveling in one ' 

(4) Remember, speed is the most important factor in combat-type construction. Choose the path 
that will be simplest and easiest to build, making sure that it is checked for minea, 

- e» Fording . Many times during colnbat operations you will haveto assist vehicles' in cross- * 

ing a deep stream while other equipment is being used to construct a bypass. A crawlen-tra^or ^ 
equipped with a single-drum winch is ideal for this. If the stream is narrow, the tractor can be 0 
r parked on tite far shore and the winch can be used to pull vehicles through thie stream. If the 

stream is wWe, the tractor can be ^ised a towing vehicle an^ontlnually cross and recross ^ 
the stream bed. The method of conducting fording operations (J^endE^ on the. tactical situation S 
and the depth and width of the stream. .pr . ; ^ 

■ \ • ' ■ 

f. "Beach operations . During an amphibious landing, large numbers of engineer equipment 
are employed on, the landing beaches to support the shore party. Cranes, dozers, and materials 
handling equipment will be used for general road Construction, beach development, unloading- 
point operations, towing and salvage, and construction of sand ramps for i^nldading landing ships. 
^ ' Arour\d-the-clock operations in salt water place a heavy demand on the ir^ividual equipment ahd 

* Its operator. ' * .* . , 

(1) When constructing ramps, make sure you start pushing sand'farfienough away from thfe ^ 
ship that you will' not l^^ve a depression at the edge of the ramp. Wheeled vehicl^s^ 
have enough problems in soft beach sand, 

(2) When involved in towing and salvaging vehicles, liflbep a shor^ 0ling or tow cable on the 
. tractor. An assistant can attach the sling to the towing pintles, or lifting <»yes, or wr«P 

Jf it around the bumper 6n the vehiclfe in such a way that the strain of the^towing operation 

// will not dmnriage the vehicle bumper. Do not use the largs hook on the winch :Une for this 

* purpose,^ It is not only hard to handle underwater, but will place the pulling strain at xi^e 
point on the bumper, Tjjis could c^use you to pull the bumper off the stalled' vehicle. 
Once^u are ready to pull, 'take 6p the slack innhe towing line gradually to prevent the 
tow hook^K'om alipplQg off tlfc sUng, and to prevei^f ^dtomage to the towed vehicle. Once 
you get th^ vehicle otirhe beaoh, pull it far enougn from the surf so that it will not in- 



terfere with future operiytion^ 
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Wh«n helping the navtl beach party to salvage boats; and in aaailating lantting craft to 
retract from the b^ach, be parhcularly car«}ful not to damage the boats,, Many of the 
landing craft are coiiatructed primarily of wood.- It is very eaay to pun£)\ a hole in them 
with the cornsj>of m fS^qter tnade. Uae the wide part of the blade for pushing. Make con- 
tact gradually and Iheh apply Hill j>dw*l->hen both the tiOKer and boar are rieady, Trac - 
tors with single ^rum winches can also be used to assist some of the larg^t landing ships 
in beaohing. The lines c^in donpected to the ships for direct pull, pr to tow the bow 
anchor ashore so that the a^P* P"** themaelves, In rough surf, the tractors can be 
~used to stablixe the landing craft and to prevent broaching. Cooperation between boaj^ 
crews and-doter operators Is easentiali 



(4) 



(5) 



Watch the surf y>nditions. As the tide rises or falls, equipment ^ill have to move ac 
cordingly. Test your equipment's propelling and steering medtiani^mEi during normal 
qpei*ation so that a rising tide will not catch you unable to xxjfive 



Salt water is extremely damaging to equipnient, and will affect clutch apd brake action 
Preventive maintenance and observance of safety precautions are a "must. " 



g. Artillery posltipqs. The diyision artillery regiment has sojme engineer items of equipment 
such as the CaM MC 1150 soooplokder. You may be assi|(Aed to an artillery unit for duty. Each 106 
mm firing battery has equipment attached to it for digging-ln the Plf^c^s and preparing storage 
areas for ammunition. Plgging-in Is eas^ntlal. It providea_|M^4w!li5h from enemy air attack and 
counterbattery fire« Dependlng^on the Uot^q^l situation, tl(| l<^h of time the piecf^a go|ng 
to remain Jhi one position, andi wHethe^* or not the pieces are set up before the equipment reaches 
the firing position, emplaceihenls rtmf be either hasty orwdeUberate, ^ 

. ^ . . ▼ ' i.w 

.<i>V ,Hasty position/ Hasty positionis are conatructed when the eqtiffiment arrives at the fir- 
Ing position after ti»e pieces |i'ave be^n set up or when they are not expected to remain 
in position for a long perjod df Xinx^^ A doxer can be used to push up an earth parapet 
around the front aqlsF , sides of the piece, leaving the rear b|>en for the exit of the piece« 
For a 105-mm howitster emplacement, the parapet should be 3 1/2-ft high and approxi^- 
mately 4- ft thick nei^r th^ top. The ^outside of the parapet should slope gradually to the 
ground lin^. Overall width of the parapet at ground line shbuK Re f^ppro^cimately 10 ft. 
Overall diameter of the inaide of the emnlacement is ?4 ft. All earthmovlnflr Is done from 
the outside toward the (lining position. Do not tear up the ground unnecessarily. Back- 
blade the area when you are completed to help camouflage the firing position. 

" (2) Deliberate position (fig 3-22). Deliberate positions are prepared In stable situations 

when the pieces are goi^ to remain in position for a lo|ig period. The equipment arrives 
at and begins constructii^ of the emplacements before the pieces arrive- These em- 
placements ire Similar to the hasty position except that they are )^Tt\y below ground. ^ 
This reduces the oyerall height of the parapet. The equipment prepares an entrance i 
ramp and excavates a circular area 24 ft in diameter, movini^ the earth into a parapet. 
The poiition Is 2 ft below ground level and there ahould be enough earth to coniplete 
the parapet without lloxing from the outside of the p^<iitloh. The parapet for a deliberate 
. emplacement is M/2 ft above ground levjtl. Later, the crews can imorove the posti- , 
tions as needed with sandbags and^logs. The weather rhay affect the conatruction of delib^ 
' erate emplacements. During the rainy season. It may be impractical to dig below ground 
leveL ✓ 
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Fig 3-22, Deliberate 105-mm howitzer emplacement. 



h. Storage lareag >nd comtnand pogtg (CP's) . The extent to which these i^^W dug-in will 
vary, just as they do f&r gim poeitions* CamouAage considerations will niatei:la:wr affect the Ac- 
tent of construction work^ Dr^age of dug^in areas is essential. ^ " * 

^ (1) In deliberate construction, the equipment arrives at the si\e firstMnd digs positlSns below 
^ ground level. /Large-gcale aniinunitloh mnd fuel storjjige i^reas generally placed a 
few feet below ground level* and the excavated earth used to fona a parapet. The side 
of the avea /oward the enemy will form the highest part of the parapet* Areas should 
be constructed on th^ side of hills pot^' tiloplng ground to provide for drainage of the stor- 
age pit. T / . ^ 

<2) In hasty feonstruction, the suf^lies are already stored at ground level and the equipment 
is used to. push up a parapet, higher than S\\^ supplies* from the outside* 

(3) Firebreaks, usually l-ddzer-blade wide, nS!^ have to be cc^structed around fuel stor- 
age areas in grassy 2nd wooded areas. ^ 

(4) Mobile load storage of ammunition and digging-in 6f commilt^cattona vehicles^t CP*a> - 
can usually be taken care of ^y constructing a deep, gradually sloping, pit into which 
these vehicles can back. This will keep them well below the level of the parapet and 

" permit them to drive out at a moment's notice. ^ ^^---^ 

(6) De^berate digging-in o( CP*s poveii n6 particular problem; however^ when the equipment 
arrives after tbe CP has been established, particular care will have to be talcen not to 
damage communications wire which i« laid throughout the (pP area. ^ When digging- in a 
CP, it is a good idea to have a comlnunloations man or a helper on the ground to niove ^ 
any Wires in the construction area! Remember, check the area before yoti begin to wor^, 

a> ■ 

•: « ■ 
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ENGINEER EQUIPMENT OPERATOR 
Lesson 3 
Earthmovlng Fundamentala 
STUDY ASSIGNMENT: MCI 13. 3lh, Engineer Equipment Operator, chap 3, 

LESSON OBJECTIVE: Upon Bucceasful completion of this leaaon you will be able to identify grade 

stakes and their use, the aequence of construction operations, and the type 
of equipment. employed on certain jobs. ^^^^ 

WRITTEN ASSIGNMENT: 

A. Multiple4:!hoice: Select the ONE^swer ,which BEST completes the 8taten(ipnt or answers 

the question. After the corresponding number on the answer sheet, blacken the appropriate^ ^ 
> box. , ' 



Value: 1 point each 

1 . In most eingineer construction, especially ^ring combat, 
imp^Jrtance. 



a. durability 
b» camouflage 



c, * drainage 
ii. sp^ed 



is of the utmost 



2. If an operator knocks over a final grade stake, what should he do? 



a. ^Call the survey orew and cpntinue his work. 

b. AStop work in that area and call survey crew. 

^c. \(eset the stake as close as possible to its original position, 
d. Disregard the mistake and continue the work. 



3. Learning to estimate height and distance will help an operator*to know! 



a. what the finished job WUl look like. 

b. . grade stlike i^arkings. 

c. the capabilities of his equipment. 

d. when the equipment is ?Ully loaded. 



4. The removal of objectionably top soil before exci^vation begins is known as 



a* clefiring. 
b. grubbing. 



c. 
d. 



stripping^ 
pioneering* 



5. During clearing operations,' what type of trees should be removed first? 



a. Brus 

b. ,Small 



c. 

d 



6. 



Clearing can be best accomplished by pushii^ stumps, brush, and debris 



a. from one side to the other 

b. diagonally from one side to th 
other 



Medium 
Large 



/ 



c. from the center toward both sides 

d. parallel to the centerline 



Isn 3; p. 1 
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7, The uprooting and removftl of roots iu(<l stumps is callet^ 



a. stripping » 
b» clearing. 



8. How shoqld the ripper be employed wh 



ms}. pioneering, 
moving- stumps ? 



a. To loosen the earth' 
b; To pull out the stump 



0. To cut the roots 
d . None, of . the above 



9. Actual earthmoving begins during 

a. grubbing. 

b. clearing^;' 



0, stripping, 
d. grading. 



10, When the haul distance is over 300 feet, which type of equipment should be used for 
stripping? ^ V 



a. Dozer 
b» Scraper 



C. ^fotor 'grader 
d. Shovel 



11. When pioneering a road with a dozer, you shpuld start at the 

■* 

a. highest point poitsible. . most level area possible. 

b. lowest point possible. 

\ . ^ 

12. When pion^erW^g side hill cut?, where should you cast the brush and trees? 

a. On the uphill slope 

%b. At the edge of the downhill slope ahd use as fill, 

" c. Ov6r the downhill slope far enough that they wllj not be covered 

d. In a windrow at the edge of the downhill slope 

13. When cutting tk road, which grade stake should you watch? ^ ? 

^ " . \- . 

a. The one immediately ahead of you c.. The one immediately behind you 

b. The third or fourth stake down 



* 



14. Why should you avoid digging storage revetments in areas wh^re the water table is high? 

a. Water from the ground may flood ^e revetment. 

b. Rising flood water may fill the rev<rtmeAt. 

c. There Is no way to provide ()rainage. 

d. Bun off after a rain can not be controlled. 

' ■. • 

15. Which type of drainage system is usually used to drain water across a road? 



a. Open channel 

b, French drain 



c. Covered drain 

d. Culverts 



16. What type drainage systenr^ is used to Interccfpt water running down a hill toward a con- 
struction site? 



a. Covered drains 

b. Culverts 



c; pitcheii 

d, French drains 



\ 13,31 
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17. Clrawler-type tractors and towed ficrapers are most efficient on hauls of 

a, 0 to 300 ft, c. 900 to 3, 500 ft. 

b. 300 to 1. 500 ft. ; d, 1, 500 to 5. 000 ft. 

18. Fills are generally construqted In layers inchoa hif^Ji, 

^ ^. loose 12 " ' c. compacted ^- 6 to 12- 

b. loose 18 \ . d. compacted --18 

19. The stake at the beginning of a road site is marked station 

a. 0+0q» c, 00+1. 

b. 1+00* d. 0. K ' 

20. Survey stations are normally how far fipart? 

a. 25 ft c, 100 ft 

b! 50 ft . d, 200 ft 

21. From what point on a grade stake is the depth of cut or fill measuredV 



a^p Top c. Cepterllne (^) 

b. Bottom d, Crowsfoot (V) . 

\ 75 

22, A grade stake marked with the letter ''F" and |h« numerals 3 — ^ indicates a fill of 



a. 3^t 3/4 in, 

b. /3 ft 7 1/2 in. 



jL:. 3 ft 9 lUi 
f\u 3 yd 9 in. 



A centerline stake marked 13 + 75 Would be Kow far from the starting point. of the survey? 

a. 1,375 ft ' c. 1, 375 yd 

b. 1, 390 ft d. 1. 3d0 yd , " 

24, The horiatontal distance from the shoulder stake to the centerline is recorded on the 

a. centerline stake. . c. finished grade stake. i 

b. hub stake, d. shoulder stake. 

25, What stakes are used to Indicate the earthwork limits on each side pf the ceptefline? 

a. Shoulder stakes ' c. Offset stakes 

b. Slope stakes d. Centerline stakes 

^ - . 

26, The minimum area to be cleared and grubbed extends approximately how far oUtwiard 
from the slope stakes? 

a. 3 ft ' c. 6 ft 

' b. 3 yd . H d, 6 yd 

27, A slope of 2 to 1 indicates a ratio of ' 

* ^ ■ ■ .r' ■ 

a. 2 feet of horizontal distance to 1 foot of vertical distance. 

b. 2 feet of ve^tioal distance to 4 fdl| Of horii^ontal distance. 

c. 1 foot of horixontal distaftce to 2 yards of vertical distance. 

d. 1 foot of vertical distance to 2 fiu:hes of horizontal distance, 
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Z». Whiit 1» tn<dl5«tea l>y a stake iRiat has a tack driven Into the top of It ? 
ja« Flnlah gri^de . ^ . - 

/b, ' 81op0 ratio ' . ^ 

I c. The banked portion of a curve whioh lies v^bove the regihar .grade 

The exact locatlgn of iwrvey line ii« 

29. What type of abil ixiakea the moat ata^lf foundation material? 

a. Well^graded yfid compaoted clay ; 

b. Well-graded and conipadted aaiid. • 

c. Well-graded ftid compacted gx:avel containing little or no fine m?iterlals 

d. Well-graded and compacted gravel containing enough fine material to fill the voids 
between the gravel 

30, ..Which type of soil fells smooth, but is not plastic a^d will not hold together ^en dry? 

Clay SUt 

' d. Sand - ' . 



31 . The rlbboi\ test is used to identify 

a. sand. - silt. 

, cl*y. ' d. peat. 

• 32. What structural part of a road is designed to support the loadl^i 

a. Surface course . • o. Base course 

b. Subgrade ^ d. Shoulder 

• ^ ■ 

- 33. What is the .purpose of the base coursi?? 

a. Support the load placed .on the subgrade. - ♦ ^ 

b. Support the lofd placed on the. road'. 

c. Distribute the load io the subgrade. 

* d. Distribute the load to the road shoulder. 

34. What is the minimum ^idth of the traffic tane of a multilane road^ 

\ ■ ^ • ■ • " 

». lOh , c. 12 ft \ 

i». 11 ft ' d: i^ft- ^ 

. -35. The roadbed o'f a 2-WeToad should be ft^wlde. 

a. 11 - \ - c. 22 

b. 12 • A d. 30 , 

4 . ^ ^ \ ^ . 

38. The norl^l crown for a gravel- surfaced road is from ^-in. to . _ In. per foot. 

a. 1/4 1/2 c. 3/4 -- 1 
b: 1/2^-3/4 , d. 1 - 1 1/2 

v37. The minimum superelevation value for earth-or gravel-surface roads Is inch per 

/ foot. ' ■ 

' ^. \l\ * • c." 5^4 ■ 

b. 1/2 d. 1 ■ 
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38. You are pia*t of a crew that is preparing a field for InetaUa'iion of a SATS complex. The 
area under the mats mu$t be sufficiently level so that the mats will not vary rnore than 
in height over a 12-ft distance, ^ 



a. 1/4 In. 

b. l,/i2ln. 



c, In. 

d, \ In, 



39- Wt)^at Is the miixlmum allowsble slope for a pioneer helipad? 



c, 14%' 

d. 16% 

40. On a military road, the minimum width of theTshoulder on each side Is 



a. 10% 

*b. .12% 



a. 2 

b. 4 



6 
11 



41. \ The traveled way, of a 2-lane mjUiltary road normally la 



ft. wide? 



a, ir 

b. 12 



c. 
d. 



22 
30 



42. What is often referred to as the back. slope? 



feet. 



It 



a. .Pill slope. 

b. l Ditch slope 



c. Cut islope 

d. Pore slope 



4^,4v. THe «lte for a pioneer road should be lopated along natural contour lines to avoid 

a. poor soil. c. unnatural concealment. 4 

b. unnecesyary earthwork. d. curves. ^ 

44. The site for a pioneer road should be located on a route which eliminates curves on 



a. long gradual grades. 

b. top of hills . 



c. st<)ep grades. 

d. level ground. 



45. The long axis of a landing strip should be laid out in what direction? 



0 



a. North- south 

b. East^west 



c. General direction of the prevailing wind 
Into the sun 



46. 



An airstrip for light UiO^ aircraft Is ^eneraUjr not longer thai 
feet.' < 



a. 500 , ^ 

b. 750y ^ 



c, 1, 000 

d, 1. 500 



a. 

b. 



2 1/2 

3 1/2 



C. 4 
d. 5 



48. What Is the most important factor in combat-type construction? 



a. Camouflage 

b. Cover - 



c. Drainage 

d. Speed 



Trr^'^^^re^arapfet for a 105-mm ha«ty gun position Is approximately fe^t high. 
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49. Wheii conatructlng a bypass^ what should be done flrat? 

a. Construct 1 Ijiiie c. Construct a dam 

b. Construct drainage Bystem d. Provide traffic control 

50, Which should you avoid when selecting a site for a plohper road? 

a. Existing roads c. Kldge and stream lines 

b, Extenslv% clearln|r d. Natural concealment 



V 
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Chapter 4 

OPERATING TRACTORS AND TRACTOR-DRAWN EQUIPMENT 
SecUon I. TRACTORS 



4-1. INTRODUCTION 



A tractor in oM^f the most vereatUe Itema of engineer equipipent in the Marine Catps. 
It may be used as a p^in^ie* mover, if compstihle with towed items of equipment such as scrapers 
and towed rollers, and it jaan be use$l to push and Msist another vehicle such as a sgraper. A 
tractor may be equipped with several different typeifc of attAohments, such as the bulldozer, 
angledoxer, forklift, shear blade« at^cl wln^b. With one or more of these attachments connected, 
It is a self-contiiined )t«m of engineer construction equipment The Marine Corps uses both 
crawler- and wheel^mounted tractors. There i^re several different.makes, .models, and sizes. 
Your first assignment to an earth-moving iti^m of Equipment wiU proba'bly be to one of the 
tractors. Learn all you can^about a machine before trying to operate it. Th^ best and most com- 
plete source of ihformstion on ths operation and maintenance of any particular tractor is the 
technical manual or th9 opemtor> mftnual for that tractor, ^tudy the manuals and yoq will help 
to reduce tfte ''down time" of your assigned equipment cause*^ by it?iproper lubrication, adjust- 
ment, and operation. The.TM or operator's manual will explain how the item should be s<jt.viced 
and lubricated, how and when the adjustments are made, and how io properly operate^ it. As 
you gain experience an^ p^ficiency, the jobs ycpgpan do with youi^ tractor will become more 
and more varied. 



\ 



4-2. CRAWLER -TRACTORS . 

*a. General ., Although the Marine Corps Is trying to/standardlxe its enijineer cppstruption 
equipment, there are still several models, makes, and sizes of crawler-tractors being used. 
At the preaeift tfme there are c^awler*tractors made by Terex and Case manufacturers. They 
are classed ^s mediu^n and. small (the overall size, weight, and drawbar pull are considered < 
when assighirqt the classificiition). The operating principles d^rid technique^ of the cf awler- 
tractors are about the same regardless of size and make. They ^re all mounted on tracks and 
designed to push or tow. Steering is accompliahed by stopping, slowing, or reversing one 
track and skidding the tractor around to the prljper dirf(Ction. 

h. Terex 82-30M crawl6r-tractor. The description, Weight, and other logistical data were 
presented in the first chapter of this course, " ' 



(1) Controls (fig 4-1)/ The first thing you should ddri&efore trying to start the tractor ia^ 
become familiar with the. controls and instruments. ..Learn the\r location and how they 
are used/ For example^ you must push on the decelerator pedal, which iookf like an 
accelel^ator pedal, to slow the ehglne. Experience witii similar machines shows that 
some serious accidents have resulted because the operator, released the decelerator 
pedal when he should iiave pushed it. The necessary controls are located within easy 
reach of the operator while sitting in the seat. The indicators are located on the dash 
in front of the operator and^on the fiiel tank,* Learjfi the location and use of controls so 
that you can use them without seeing them, ' ' v , * • 
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l'. Transmission shift control lever 7. Foot rest 

2. Steering levers 8. Deceterator pedal 

3. bash fight , ' ^ * - 9. Parking- emergency brake ' V 

4. Ughl switch - 10. Brake pedal < , 

5. Hand throttle lever * - 11. Shift lock catch • " 

6. Throttle ^tpp lever ^12. Starter switch , 

Fig 4-1 » 82 -30M crawler -tractor. controls. ' 

(ar Transmission shift coritrol lever. The lonj lever located to the left of the operator 
is the transmission shift control lever used to select the desired direction and speed 
range. Movihg^the lever forward will provide forward ge^r, to the rear^will provide 
reverse. When the lever is set for either forward or reverei? direction, pushing it 
to the far left provides high speed range, centered is intermediate or second speed 
range, and to the right is low range. Neutral is midway betweert forward^and reverse. 
When changing directions, slow the engine sjpeed momentarily before shifting intp^ 
the new direction. Upshifts from low to high can be mtfde 'without slowing the engine, 
but doAynshifting requires slowing of the engine and the machine. Do" not downshift 
to brake or slow the tractor; use the brakes. v t 

(b) L.-3» w:*ing levers. The loYig levers located on each sid^'and near the indicators are 

th^sieering levers* To turn right, pull the right lever and to turn left, pull the left 
lever. If the load is pushing the tractor^ such as a loaded scraper going downhill, 
- reverse the steering; pull the left lever to turn right and the right Jever to turn left. 
Pulling the lever slightly disejrigages the steering clutch- only and puUing it all the 
way to the rear ^gages the steering brake. For gradual turnp, disengage the clutch. 
For pivot turns, disengage the clutch and engage the lh*ake^ ^ The s^ering brakes 
can be used to stop the tractor when the engine running, but not When it is stopt^ed. 
To stop tlje tractor with the steering brakes, pull both levers to the real*, ^iovement 
of these JLevers appl^eif pressure on the fluid in the steering control master cylinders 
^lo9pted near the lower end of the levers. Two things that will prevent the steering 
clutches from operating properly are air in the master ^cylinder or lines and lack of fluid, 

«■ 

(c) JDashliitht, A light is mounted over the indicators to illuminate thiem for easy read- 
ing during darkness. Althotigh the light is shielded^ it is bright enough to be observed 

. by an enemy. ^ ' ' , 

(d) lUjght switch. The light switch is located ox! the dash. It has a button Md a fwitch. 
The button is to prevent the lights from beipg turned on jtccldentallyj ^^^re |re 
several positions the switch fo^ turning on the floodlight^ blackout lights, and 
other lights. To turn the lights on, the button must be depressed and the lever mov- 
ed to the desired position* but they can be turned qtt by movement of the lever only. 
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(e) Han<^ tftrotlle lever. The lever located on the extreme right of the daah ia ueed to 
control engine apee^l. When the lever ia raised, it will increase engine apeed. Idle 
position is down to the throttle stop lever. ^ 

■ . - ■ 

Throttlt stop levtr. This la a small lever located to the right the throttle lever 
which prev^nta th# throttle being moved to the engine- atop fkisition, T6 atop the^ 
engine, the stpp lever knob m^at be puahed in and t)ie throttle lever moved down. 
The throttle lever can be moved to the run poation without moving the atop lever. 



(g) ypot r»ft. Mounted on ciach aidir of the tractor l^elow the dash are f<>ot reata. Moat 
operatora like to reat their feet on one of the p^dala. The foot reat ia placed there to 
eliminate that habit which coiild cause damage to the operating controla. 

(h) DoQelerator Jpedal . Mounted In the right floor is the decel^rator pedal which ia uaed 
• to control en^iiQie apeed. To alow the enf^e, puah the pedal down, to incr^aae the 

engine apeed, releaae The pedal will alow the engine" apeed independently of the 
throttle lever, l^t when released* the engine speed will oiOy increaae to the thf^ottie 
lever aetting. For example,<.' yoiji cart control the engine speed throughout the apeed 
^range by. foot when the throttle lever^ia in t^e fUU throttle position. If it is s^t at 
lhalf throttle^ yeiu only control the speed below half throttle with the f<>ot. 

< 

(i) . Parking brake. The parking brake is located on the fiar right near the peat* Push 

• down on the pedal to Upply the mechanical brake. The lever can be pulled up by hand 
or foot to release the brake. 

(j) Brake pedal. , Thia la locate^ near the center on the Dioor and ia uaed to alow or atop 
' ^ the tractor. It is alao connected to the engine throttle. Depreaaing the pedal will ^ 
. reduce engine rpm and by puahlng it further, it wili(apply the brakea. The engine 
will return to the throttle lever apeed aetting when the brak^ ia releaae^. Thia jpedal 
actuatea both power ateering brakea. Thia brake does not function !i^hen the engine 
is stopped^ 

(k) Shift lock catch. The abort lever located to the left of th^ transnilssion shift control 
lev^r is used to prevent accidental movement of the ahift lever ^nd to prevent atart-* 
ing except when the transmission is in neutral, The shift lever should be locked in 

the neutral position before attempting to crank the engine. 

^ • - - .. ^ 

(1) Starter switch. This 1^ located on the daah ^th the Indicatora Juat belOw the throttle 
lever. The puah button qr key activatea the solenoid and cranks the engine. The 
engine shoulcl not be cranked longer than 30 aeconds.^ Allow the cranking motor to 
^ cool for 2 minutea after each 30*aecond cranking. v 

(2) Indicatora (fig 4-1 )• A# stafed before, the gagea are mounted on the dash and the fuel 

tank* Those most important for trac^# operation are located on the daah bnd can be 
* easily read by the operator* Their diecific arrangement on the daah Is imin^portant, but 
after cranklHg and periodically (at iXat every 15 minutea) during operation; 

(a) Engine oil i>ressur»tfage . This is the first gage that ahould be located and checked 
> after crtinklng the engine. The gage ahould indicate aatiafactory oil presaure within 
. approximately 30 aiapjcxids after the #ngine cranks. Normal oil pressure is 45 psi, . 
but during cold weather the readings, may be higher until the ehgine reaches operating 
temperature* The oil presaure may vary some with the spised the engine, but less 
than 20 pal at idle apeed is inaufficient oll^preasure for proper lubrication. Do not 
confiiae engine oil preasure with transmission oil pressure. ^ • 

(bV ^mifiytey . The ammeter should be checked next after the oil pressure. 1^ will in- ^ 
dicate whether the generator is charging or not and if the battery ia being iuscharged 
(except'' for atartiAg motor current). It ahould indicate a high rate of charge immed- 
iately After crahking and gradually decrfraae to near sero ag^he battery la r<yharged. 
A continuous high rate of charge indicatea trouble in the charging circuit or with the 
batteries. A continuous discharge with the engine running at operating apeed indicates 
defective charging ayatenx, abort or grounded wires« or an electrical overload. 
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(c) i;ran»Tnftla»l<>n Vil Prf iiure . Th^ trSniinliaioi) oU pressure gage, loci^ted on the 
dkflh, should ahow a satiafaotory reading when operating the engine at one-half ^ 
throttle within a ahort period of time after the engine cranks. ^Do tiot oonfUse trana- 
miselon oil pressure with englne.oil pressure, 

(d) Tympeijitures, Both the engine coolant and the transmission (converter out) oij 
~ tempe»ture gagei aw lo^iat^^d on the daah. They should (flowly^ rls^i as the engijie 

and.transmii^ion warma up. The time re<tuired for them, to reach normal o|leratlng 
o^nge depends on the weathei*. It will take longer to warm up in colder climate^. 
The e/iginrf tejfnperature operating range is between 170*F and IftO^F. The converter 
temperature range is upproxiixiately 200^ F and should nevei\ be allowed to go over 
260 F. The converter temperature will rise during operation u^der heavy lo«,ds. 

(e) l^ou rmeter. This is located on the ^sh itnd Indicates the total hours the engine has 
ruTi There are two types of houmeters being jisaed by the Mavine Corps; one operates 
from the engine rpm anii the other ia electrical. Neither meter will agrsf \<ith the 
number of hours that you actually work. . For example^ you may work on a par- 
ticular Job for 8 hours, but the hourmfter will only show 7 hours. The differcunoe is 
caused by the way they are calibrated, ^ The engine is supposedly operated at full 
throttle while under fUU load for the full 8-hcMrmeter reading to agree with an 8-)kout 
job. Regardless of the watch and hourtpeter difference^ th« hourmeter Is the incilcator 
used to perform the service and malhtenance. It is checked prior to pranking the\ 
engine and the hours are recorded on the proper forms « One ojMhe meters is viniHsr 
to an odometer; the first four numerals from the left «^re fuU ho^rs and the last nwnbet 
on the right is tenths of an hour. This type may also be combined >ith a tschom^r. 
which makes it look like a ^speedometer; the needle indicates engine rphL The other 
hourmeter looks like the titte of a clock with three hands. One hand meiuhires in 
l-hour increments, one in 10-hour increments, and one in 100-hour Increments. 

(3) Miscellaneous gages^ 

(a) Fuel gage> The fuel |^ge is located on top of the ftiel tank'to the left of the operator. 
It indicates the level of fuel in the tank, o 

<b) Transmiaaton oil level > This is a glass window located on the rear of the trans- 
mission drive case which allows the operator to^see the oil level if it is up tO'the 
window. The proper oil level is the center of the^fage with the tractor engine oper- 
atuig and the vehicle parked on level ground. Oil should be visible in the window before 
the engine is cranked. 

<c) Bayonet gage. A» metsl rod type gage is .used to indicate the engine oil level. It m 
^ located near the hlower on the engine an4 is checked before the engine is cranke^T 
^ With the engine stopped, remove thiS'gage and wipe it clean, replace it, and pull it out 
again to determine the oil level. Be Sure the gage is pushed down to the stop when 
checking the oU or you will get a false reading and possibl;^ ovterfill the engine with oil, 

• * y ■ 

(4) Attachment controls > Although the attacWsnt may be removed^ the control for that 
attachment (especially hydraulic attachments) is normally leff in place/^ 

<a) Dog0r cdntrol. Tliis_lftm, which controls the position of thc| bfRle^ Is located to the 
right of the operator. XflDere are four positions: float, l0W<(r, h|ld« and raise. When 
the lever is all thj way forw«r<t the bUdfe will be in the float position; the nejCt posi- 
tion to thaw rear will fof ce thewade dowti; the next position to the rear wUl holdlthe 
blade in the pppition s«t; and tft^ last position* s^;^U^|d^ay to^the rear, will raise 
the bladeN In actditlon to the up imd down cpntx4l/^'fir8ai*30M is else equipjMid 
with a tilt control. It is s pedal located on the /orward leh side of the operator's 
compartinent, Jt has three positions; tilt up, ^old, and tiU 4o^^ The p€^^ 
from side to side, 

(b) Ripper controL The ripp'er ^P^^r^i lever is attached to the Upper left part of the 
dash near the insthiTneht pjinel* It has thr^e positions/l raise* ;hold» and lower. 
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(5) Qpera^oft. After you hav^ J^ned wh^e the cfMvoXs are located, how and when the 
^quipime^ iff fervlped, ahd ■ome of the operatAig procedures and aafety precautions, 
you.are ready to etart op«fratin(f Aa atated. before in the diacuaalon of records and 
forma, you muat hive avmUd pperator!ii|[permit, an Engineer Equipment Operational 
^eobrd or other authos^M^tlon^^ and a 'm vehicle accident report form. .Some parts 
pf theae forinii will b<> filied In by th^flapatcher; you are required to complete the ^ 
reat of the^orm. Certain Informatni must be entered on the f6rm prior to starting 
the equipment* aom^ Jdring the tiiw it used/ and some ^ti^ the engine has been 
atoppedt lt)(C( fotm mil ahoy^^Kljiii^ervioea arckdue. It hatfS^ list of checks that n^ust 
be made prior to operatioiffttveae are in ^ddMfam tdTthoae checks listed in the TM, The 
hourmeter rending ia recorded by the op||^tor in th^ proper space on the Engineer 
Equipment Operatipoal Record^ 

/ No|e : The Eoglneer E<}^ipment Operatibkal Kecprd has been mentioned several 
I tlmea in thia^ragraphT^ This was done to emphasize {he imp^anqe of hayii^fi^ 
in your ppa9eeaion authorization tp operate the vehicle and the importance of 
maintaining a ^ecpr<j| pf the tiifrrvipes perfort^ed^nd the condition of the item. 
- Nfver . for ypur own legal protection, operate a vehicle without a perjtj^lt, auth- 
orization, and an accident report fprm. 



The before^oper^tion services muat be performed to insure that the vehicle safe, 
properly serylced^ an^ ready for operatloi'i befoye you attempt to crank^the engine. 
Inspect the equipmemand attached unit^a Ibr leaks ^ damslge, and anyl^rsonn^l in t)iQ 
area^that could be Injqredsby cranking ahd moving it. Ch^<^ to insui^e the vehicle has 
been properly ltkbricate4 an^^^haa plenty of fuel, oil, and water. Any services shown* 
aa c^ue on the Engineer Bqui|nnent Operational Record must be performed prior to 
lea'Mng equipment park. 

(a) Starting the T^gine^ 

JL Be sure the parking brake is down. Place all attachment control levers in the 
neutrai pr hold ppaition. Haise the throttle^avj^r to the idle position. In some 
caaea, you may have to raise it to a higher speed, but not over one half throttle. 

Release the neutral start lock and mov^ the transmission selector lever to the 
start ppaition. ^ * i 

Prepa the starter button or turn the ke^ to activate ^e cranking motor. Do 
not opink the engine for longer than 30,aeconds at a time. AllPw*the cranking 
motor to cool for two minutes between leach cranking period. ReleasV the 
sfarter button or key immediately after the engine starts. 

:*'»,■ 

4« Check th^ oil pr^aaure indicator after the engine starts. When it shows a 
aatiafactory reading, ol&eck the trknsmiaion oil pressure^ the ammeter, and 
^ ^ ^ J, other ^atrumentfli After th^ internal parts have; J|iad time to reqjftive lul^rica- 
tion« the throttle lever may be moved to about half throttle the engine run 
until it warma up. Do not operate the throttle up and down which will dause 
the engine spe^d to change suddenly. Allow a cold engine to run at a steady 
apeed* Watch the exhaust and liaten to the engine. The engine should run 
smoothly with no unuaual noises and have a clear exhaust Ihortly after it ^ 
' ^ sUrts. " ^ # 
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^ While-tjklj^nglne wtrmt up you~«hould^^t off the traotor InsMot it again. 
' Cheqic it for oil^ water, ftiel. afid hydraulic leaka while the enginft^ia operating. 
Cheok the fa^^ pdu^ya, belti^ ahd ahafta for proper operXion and alinement. 
After the f^nglne warma and before moving the tract^c, chepk the trji^ctor 
aiM tttnolunen^ owtrol operatioi). Do the ateering levei^ oj^^te properly 

and X«elllke^th9y j^rej>eifor^l|ig their |ob7 Doea the decelerator'^ope^te and, 

doea the engine reapond properly? Doea the doser control operate and the 
blade^opppnd i> It ahoqldjt^t^ f 11 indioatora funotionWug and doea dte e»gtRe 
operfution indicate theVpi^e dorreqf 7 For example^ does the TadiMor aftow 
steam while the indiowr reada nortpriial? 

(b) ^eratlny the tractor, A^te^h^e engine haa, warmed the controla and indicators 
appear to j|fnction properly^^ and it la safe to^niove the tractor and any attached 
equipm^nt^ou aretready to operate the vehicle. • " 

' 1^/ Raise the at^chment tp the deaire / 

2,. Move the throttle lever to the tdle position; down to the ^throttle atpp. / 

Place the tranamlsaion selector lever in the direcilcm and range poaition ' ^ 
desired^ ^ . « - i ^ 



4. CarefuUy raise the parking brake lever with the right fdof or hafi^'^ 



Increaiif the enifliic^ speed by stei^dily moviiijif the thtpttle contr^ lev|^ up. 
Continue to, increase^the engine^ speed as the tracto^ moves and uff(U the 
desired rpm ili reached. Do not Increase the engine Apeed suddenly; thi^, ^ 1 
will create a sh^k bn the^»ngine and the power train) The rpm^can be. 
decreased by pushing the decelerator pedal with the foot* applying the brake* 
or by moving the throttle lever. You can sfifely decrease the engine rpm 
suddenly. Remember that the transmissio^peed range will affect the ^ngine 



6* If it is necessary to turh the tractor, p\ilrthe steering lever on* the side of the 
vehicle in the d;irec^ion a lurn is to be made^ ^ullin|^he lever baek about 

half way wjll provide^a gi^ual turn. Pulling it all the way to the rear applies^ 

the steering braHe ar^ tbiP^ractor ^ill make a pivot tlirn. You must learn the 
feel of each tractor to detern(iine just how far to move the steering lever for 
the turn desir^d^ If the engine begina to lyg (sound like it will stall fjnom over-^ 
loatling)* both; levers qan be pMlied bi^9k tO;0i«eng*ge the clutches and then re* 
leased when the engine gah|s rpm. This i^Tslso the right tHing to do when oper- 
ating in unfan^iliar soil anQ the tracks begln^tb spin/ Stop the tracks as soon as 
^'possible to pifevent getting stuck. - ,v 

I ' i .0 ? . ^^"^ 

7. Pushiiig on the tractor brak^ will slow the'^ngl^e rpm and stop tke tractor. It 
is Used to control vehicle speed when tri^Yjellng downhill and no turns are de- 
sired. Remember that releai'sing the steering olu'tches diaengagef* the power 
train, and releasing one clutch at a time with a'^loa.d pushing t^e tractor will 
provide oppoaite steering. Fpr sudden stops and straight downhill speftd con* 
trol, use the fo^ brake. Ci * . 

8. Transmission geair eeleotims oi^n be ihade-while moving. It can be shifted 

from low to intermftdbit^ to hi^'mnge without changing engine ipf ed« iTo chang4^,^;^j^*^ 
' direction or to iAif i ^roijfi hli^ to liit^mediate to low ratige, you should de- 
celerate the engine momentarily (alow the engine ,spft<^d while mbving the trans- 
mission selector lever); ;,,^e tractof citn be moved from a utop tn any speedUp" 

.^^^ range that will allow the /engine to op<drate prfipeHy. For example, you can 

(|HP start off in high range ft tht is a<c^ overloaded. 

9. Oncr^QfiCtrictor ia mpving;^ th^ tttachmeni, can be lowe^ed^N^ work^- Operation 
of the attachment^ controls rfcqufrea/<loordlnVtion Ijind lise of the aenpes. Lo^r 
the Mtschment to do the Job, buf control it to prevent lt;jfrom going too low or ^> 
going up and down. For example, lower the doterTo start the cut. When it 
reaches the desired depth, raUr^ sll|(htly: You will have ko move the lever 



r 




from hold to ral»^ find lowpr almofl^ontinuoualy to make ^ smooth cut. '^Move 
the control le^er ivlth phort, qulckSfc while making the cut or pushing the 
load. To lower or ralae the bUd^, In^ control can be held in position until the 
cortect helgHt or idepth is reached. . JUThlle ^aklngrthe eut» you nMist be able to feel 
the tractor movement and down and determine the load from the engine sound. 
Yoii n\ust y^^i^h the i^ttachment/ the area in front of the tractor^ and glance at th^ 
Indlcatpr^ periodically. - " 

^0. If the engme shows Wlgns of overloading while pushing a load with the dozer or while 
loading H scraper, raising the attachn)ent ellghilly will: relieve part of the load. How- 
ever, the site Ipp^tlon and other circumstances may make it necessary to continue 
loading at the same depth, In thip ca9e/ releasing the steering clutches is desired. 
Also cheqk the tra^nsmlsalon spared range^ Low rf^nge Is hormally used for pushing 
with a bull dozer, but higher speadrritnges are sometimes desirable for loading 
scrapers, 

i 11, To stop the tractpr. Idle tl^englrie, move the transmUsion selector lever to the 
neutral ppsitlpn, and push the parking lever doi^n. L^er ail attachments to the 
> gound before cllsmountlng. If you are going to be away frpmjkihe tractor for a long 
, period of tlni^., jptop the epginsi P6 iipt idle r dlesc^ engine for long periods; the 
incomplete burning Of fuel causes carboh build up. It Is also possible for the engine 
to develop a leak a^d damage Itself, 

(c) Stopping the engine . Mcmy so called'* operators park their eq^ i 
engine/ and secure for the day. Thle Is wrong. The engine is still hot and stopping 
it without slowly pooling it can do severe damage. It must cool slowly and evenly. 
Park the tractor i^.nd run th^ engine at Ji» 000 rpm and gradually decrease the speed 
to low Idle over, a five minute period. Let It idle for at leai^t two more minutes 
before stopping it. If you follow ^this method of stopping the engine, you are less 
likely to have engine trouble with your tractor. Slowly cooling the engine helps 
prevent warping, cracking, internal seizing, and other damage. Thid method will 
also eliminate the need to recranH the engine to perform a service check or to check 
a suspected problem. For example/ the engine must be running to c^eck the trans- 
mission oil level at the sight glass. Check it while the engine cools. Cheek for 
loose parts that may ,l)e vibrating while the engine Is still running. There are other 
checks that can be 8i|de, but the important ^olht is to cool the engine slowly , before 
tstopping it. W 

* . * ■■ . 

h ^ark and stop the tractor as discussedl in paragraph (b) 11^. above. 

'2, Cool the engine slowly. After It has cooled, push the throttle stop lever and 
move the throttle lever do\?n to the off position. Turn off ignitt^ switch- 

3. Perform the arfter^operation service (cleaning, lubricating* and replenishing 
of fuel, oil, and water) and the inspection. 

4. Complete the Engineer Equipment Operational Hecord and return it to the dispatcher. 
Verbally report any problems to the dispatcher iB^nd the equipment chief even if they - 
are noted on the Engineer Equipment Operational Becord« 

5. Cover the exhaust and protect the seat from' water and you'are ready to secure. 
Your tractor will probably be ready to operptte on a moment's notice while the 
other operators are rushing to service and prepare theirs. 

c. Ca^se MC 11 90 scooploader . This ie one Of the latest medium tractors used by the Marine 
Corps, The tc^njpal data was presented in thelirst chapter of this couriie« ,T^la tt^nfetor is 
different from oiher crawler-tractors used by the Marine Corp9. Some of the differences are 
listed below: ^ 



The Droit 4-ln-l bucket is staodard equipment on the Case MC 1150. 

It h^g ti power ahift tranamlsalon which allows ^nglng from one speed or direction to 
another while under full power, directional control is through the ateeringtclutchea. The tracks 
can bo made to turn opposite each other; one forward and one reverac. 




^nBt^umentB and conjtrblfl (fig 4-2), As 
seated earlier in this course, you must 
learn the location of the controls so that 
you can make theni function without see- 
ing them. You must be able to check the 
correct Indicator at a glaace. 

JSngine oil pi^essure gage; This gage, 
marked ENGINE OIL PRESS, Indi- 
cates the pressure of the engine 
lubricating oil. Gage range is 0 to 
120 with markings at 10 psl Intervals. 
Normal reading Is 40 to 60 pal* 



U^TSRAKK I 

Fig 4-2. 



Case MC USOinstrumentsl 
and controls. 



\ 
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(b) 



Batfry generatoW i^ndiotoy.^ This gage, marked BATT-GEN, indicataa the voltage 
b^ing supplied X<f the electrical system. The meter scale consists of a band of four 
colored blocks. From left to right the block colors are red/ yellow, green, and red. 
The two cdlors to the left of the center are markedlBATTERY and those to the right 
are marktdf GENERATOR. . 



(c) 



(d) 



Emergency stpp handle. The handle, marked EMERGENCY ONLY, is jiUaohed to a 
push-pull type cable. The other end of the cable is connected to an actuating mechanism 
for the air shut off valve located between th^ engine air Ailet housing and^the Dlower. 



Converter oil ^^ynperature gage, 

the tempera tufe^l^f the .oil in the torque converter. 



Thii 



gage, marked CON V. OIL TEMP. , indicates 
It has a range of 100® to 280®. 
The temjtSe^atuf^lT^pf the oil should not be allowed to rise above 250O. 



(e) 



Cltftch oil pressure gage. This gage, marked CLUTCH OIL PRESS, indicates the 
lAinamias ion Operating oil pressure. The gage range is 0 to 400 psi ^ith markings 
at 10 psi intervals. Normal operating pressures should be 260 psi to 290 psi. 



(f) 



Light switches . Four toi 
Each switch controls 



toggle switches control the panel lights and th|^oader lights, 
a pdffir of lights. 



Tachometer. The tachometer indicates the engine revolutions per m 
hundreds of rpm. Range is^O to 30. Normal AiU operating speed is 2^ 




(rpm) In 
rpm. 




push-pull 
are placed 



(h) Ignition switch . This switch controls the engine electrical systei 

(i ) Stop handle. This handle is mailed PULL TQ STOP. It is connected 
type cable to the governor. When the handle is pulled, the injector 
in the no'^fUel position, stopping the engine. 

0 ) Water temperature gage. . This gage is marked ENGINE WATER TEMP, and indicates 
' the water temperature of the engine coolant. Range of the gage is 100^ to 250^. 
Normal operating temperature should be 190^ to 185^ F. 

t- 

(k) Hand throttle control l»ver. This lever is located on the rijht side of the control 

panel and is connected bjPtinkage td' the fuel in^jector linkage for controlling the engine 
speetl. 

(1 ) Acceleray)r pedal. This pedals located bel^ and tO'^the' right of the control panel, 

is connected to the same linkage as' the handithrottle. 

' , ' ■ ■ .. 

(m) Foot brake pedals. The right and left bi4ike"^^als ape used to stop or steer the loader. 
When the pedal is depressed, (t neutralise^ the transixiission on that side so no powei^ 
is delivered 4o the track- aitf brakes the track at the same time. 

(n) Parking brake handle . The parking brake handle is located in the heel plate on the 
right side of the control pedestpl. When the h^andleas pulled up the brakes are set 
for parking. 

^(o) Quick #tart control . Thi^quick start knob is used for cold weather starting^ When 
a quick start cartridge is in place in the holder, pulling the quick start knob out ' 
allows starting flui^ to enter the air intake housing. ^ ; 

(p) Transmission control levers (steering controls^ (fig 4-3). The left and right control leveri 
are located oh the control console. The levers operate independently, each controlling 
one track, thus permitting the t^'acks to operate in opposite directions. 

(q) Track speed control levers. The^right and left track speed control levers, located 
on the operator-'s console, control the trkck speed. Each lever has three positions: 
the rear position is low, the center position^is neutral, and the forward position is 
high range. ' ^ 
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Fig 4-3. Cafe MC 1150 control levers. - . 

(i*) Starter switch and neutral lock. The starter switch and neutral lock hold the track 
speed control levers in neutral when they are in use, 

(s) Master switch . The master switch controls all the electrical circuits' except the 
slave receptacle. The switch is on only when the handle Is horizontal. 

(2) Bucket control levers (fig 4-32). These levers operate the hydraulic control valve which 
applies hydraulic pressure to one end of the corresponding cylinders and provides a 
return from the other end of the cylinders. The center position for each lever is a Hold 
position for the corresponding cylinder, 

• *. \ 

(a) Lift cylinders control lev<>r (fig 4-32), This lever controls the flow of hydraulic 
oil to th^ijift cylinders to raise or lower the bucket, " 

Dump cylinders control lever (fig 4-32). This lever controls thelflow of hy(Jraulic 
oil to the. dump cylinders, 

fc) Clam cylinders control lever . This lever controls the flow of hydraulic? oil to the 
clam cylinder. • . * * 

(3) Winch controls (fig 4-32). The winch forward and reverse control lever is mounted 
behind the right arm rest. The outer position for the lever n^t*al. 'The outward 

^ position is forward and the Inward position' fa reverse. A shift lock holdfi the lever 
' in position. / 

(a) Brake control lever> This lever is mounted to the re^r of the direction control- leVer. 
' When' the lever is in the outward position, the brake is of^*\A9 the lever is moved' 

inward the brafce is applied^ V . 

(b) Frfee spool cont^rol. The winch free flpoal control knob in located on the left side 
of the winch. When the control k,nob 19 pulled outward, the sp^dol Is free. The Icnob 
must be pushed/n to operate the'w inch. 

I ^ , 

(4) Operation. V As with.th^ other items of equipment,- you must perform the 'before-operation 
Inspection and service. Be sure the item has sufficient ftiel. oil. and water and that 

It is safe to aitart, ' , • ' 

Starting the engine. The Case^MC 1150 scooploader cannot be towed to start lt\ 
If the batteries are low. an external source of 24-volt power cftn be connected 
through the auxiliary (slave) power receptacle. Crank the engine by follbwlng the 
procedures' outlined below; 
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• Set the tranemlssion high-low range control, in high or low clepepdlng on the type 
of work to be done. / 

• Check to see that the direction control leverp'and the track speed control levers 
are In neutral and locked, > , ^ 

• Set the parking brake. ^ / 

• Open the hand throttle approximately one-third of the way. 

• Check tp see that the stop handle is pushed In, If the emergency stop has been 
.used. It is necessary to manually reset the lever on' the engine air Inlet -housing. 

• Turn ignition switch to the on position. The starter button is uttder|the neutraj 
lock. Push down firmly on the lock to crank the engine. 



I fti-iiu 111 
ii^(qui 



• If the temperature is below 40^ F, , use the cold weather starting aiA(quick 
start), . . 

* • When the engine starts, release the starter Immediately. While *the engine is 
being turned over'wlth the starter, white or black exhaust amoke should Ke 
observed at the exhaust pipe,. If no smoke is observed and the engine V 111 not 
start, it Is an Indication that no fUel is getting Into the cylinders, 

• Immediately after starting the engine, check the instruments for readings. If 
there is no oil pressure in 10 to 15 aeconds, stop the engine to investigate the 
cause. After the engine has warmed up, check the temperature gagjior the ' 
correct reading; also check the oil pressure. * 

• Operate the engine at part throttle and no load for about five minutes allowing 

It to warm up, * ^ , * 

(b) Operating t>>e loader . After the engine has warmed up, throttle it down to idle speed 
and release the parking brake. Then shift the track, speed control levees forward 

into high ar-backward into low. To go forward, ,puah the 41 re ctlaa control^|e vers forward - 
or puU them back to reverse the direction*; Do not operate the loader at or near stall s(leedi 
^ as this may cause the transmission-torque converter oil to overheat and damage the * ^ 

system. The loader may be shifted from high to low i^peed at any time using' the track 
speed control levers; however, if jit becomes necessary to change from high to low range, 
stop the loader and move th^ high- low range lever tp the desired position. To change the 
direction of travel, reduce engine speed ancl shift the direction control leverif to the 
desired position, . ' " 

J' . - 

(c) Stopping the loader . To stop the loader, depress both foot brakes slmultaneoasly; 
' This cuts pfewer to the tracks. Then, shift the direction control levers and the trj 
, speed control levers 1o the neutral position and set the parking brake. Before sL 

off the engine^ let it idle approximately 5 minutes to cool it down. To *|ut off the 
engine, push iM hand thribttle all the way down, and pull out the fuel stop handle, 
^h^n the engine stopir, 'push in the stop handle, 

d. Case MC 45D/tractor , The description, weight, *^and other technical information werfe 
discussed in the first chapter of this course, 

ft 

(1) Contx^ols and instruments* Figure 4-4 locates, illustrates, and furnishes the operator 
with information pertaining to the yarious controls and Instruments for proper 
operation of the tractof. . 

' (a) Hourmeter. Thi^ gage records the time that the engine has operated, ^lapsed time 
is indicated in hours and tenths of hours. 




(b) Air cleaner indicator . T^>i8 indicator is factory set to signal when th^ filter element, 
renulres servicing/ ^ I 



(c) Engine oil pre»ur» gitfe* j^iM gage indicates the pselbure of *th^ lubricating pil 
wltn a range of 0 to 80 Nori6ial readii^ wlthSi wirm engine s^uld be 50 to 75 
pei at 2000 rpm, * \ ' \. , ^ 

<d) Ammeter ^ The ammeter indicates the charging rate of the batteries* It should show 
, a hlfh charging rate when th^vJHigine ia first started and th^n go gradually back near 
, zero 1^ the battety becomes rA:l|uirged« , ' 

(e) Light switch , Thip switch controls the front lights^ 'rear lights* and I^nel light. The 
Oli position is 40 degrees clockwise firoin the OFF poAtion* - & ' 

. , ■ ? ' . • - ' ' * ^'^ \ 

it) Power switch . This switch is a two^position OFF and ON pwitch, ' * / 

<g) Tr«n«ml««ion oil pr«««uiHB gage .,. Thl« g«g^ Indlotes the tr»m«tftlMloh"oll 4)re««iire 
a range of 100 to 400 psi. During normal operation the gage shquld Indicate 225 
to 260 psi, . - . ^ 

^ % 
(h) Toique converter temperature gage. This gage indicates the converter oil tempera- 
ture in one zones: |^reen for normal^ yellow indicates the converter is being 
overworked and caution must pe used^ during continued operation^ red indicates high 
temperature and requirea that wprk be stoi^'d and the engine be operated at half* 
speed in neutral to cosl thi^ oil, y^^^ v 

(1) Torque converter pressure gage. This gage^hasii range of 0 to 1,00 psi. While 

warming up the engine, the ^age may registe^ high. After reaching normal tempera* 
ture the gage should read 35 to 55 psi. ' ' 

(J) Engine temperature gage. This gag« tiyilcates the temperat|Ure of the coolant, the 
tractor can operate safely with temperatures up to 230^ F. * ^ 

(^) Engine shutoff knob. This knob* shu^s- off the engine fuel au^ly when pt^lled out« It 
' must be pushed in to start the engine. ' ^ 

(I) Throttle opntrpl lever. . This lever. Which Is located in iTront of the driver's seat, 
Controls the engine speedv Moving the throttle forward increases speed ai^d back- 
ward slows the engine down. * ^ 

(m) AccelerVtor pedal . ^ The pedal controls variations in engine speed above specific en- 
gine speed set fay the hand throttle* , ^ ^ 

* ■ • ^ 

(n) Brake pedals. These pedalA.are used to stop ojr ste^r the tractor and can be used to- 
' gether or independently. The mt brake pedal disconnects the clutch*on the left side ^ 
of the tpansmission so that no power is'delivered to the left tracl^ and the left track 
is braked at the same time. ^Tlie right pedal has the same function for the right 
track. A latch is used to lock the two ptdals together so that when one pedal is depressoil 
they both go down together and aj^p the tractor. • « ^ " 
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Fig 4-4, Controls and instruments, ^ 

2) Operation, In#addition to knowing how to start and stop the tractor, the operator must 
know how to coordinate the basic motions to perforn| the specific tasks for which the 
equipment is designed,, , - ' X"^"^ 

(a) Starting the trActor . As with other Itemg of equipment, you must pfiferform the before- * 
operation inspeqtion and service. Be sure that the tractor has sufficient fuel, oil, and 
water, and that itris safe to start. Crank the engine by follo\Ying .the procedures out- 
lined below: 

• Set the transmission dual range control (fig 4-5) in high or low, depending on the 
woric to be done, 

Check^to see that the direction control* lever (fig 4-5) and track speed control 
^ levers (fig 4-5) are in neutral, "(The neutral lock (fig 4-5) should be in place on 
"■^ the track* sp<?ed control levers, ) ' . ^ , 
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» Set the parking brake (fig 4-5). 




' Fig 4-5. Operator's console and adjacent controla*^ 

# Open the hand throttle by pushinj^ lever forward approximately one-third of tlie 
way, 

# Chcck^o see that the engine shutoff knob is^^p^shed in. 

# Turn ignition switch to ON position. The starter button is under the neutral lock, 
Pud^gpwn firmly on th 
more^an 30 seconds. 



Pudmjpwn firmly on the lock to crank the engine. Do not operate the stanter 
re^fi 



# If the temperature is below 40^ F, use the cold weather starting aid. 

(I ^ ^ . 

# When the engine starts, release the starter immediately. While the engine is 
being turned over with starteri white or black exhaust smoke should be observed 
at the top of the exhaust pipe. If no smoke ii^ seen^nd the engine will not start, 
it is an indication that no fuel Is getting into the cylinders. 

• Immediately aftei^ starting the engine, check the insti*ument8 for readings. After 
the engine has warmed up, check the engine temperature gage (fig 4-4) for the 
correct reading. 

• Operate the engine at part throttle and no-load for approximately 5 minutes, al- 
lowing it-to warm up before operating. < 
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(b) Q#e rating iht tractor ^ After th^ engine has warmed up, >ring it to idle sp^ed and 
ndleaae the parking brake. Be sure to raise the dozer blade before moving. Then 
ihift the tpa<^k speed contjrol levars forward into high speed or back^acd Into'low 
speed. To go forward, pfish the direction control lev^r forward. To reverse, puU the 
Uv^p>*b«ck, Do noX operate tractor at or near stoU speed as this may cause the trans- 
. mission torque conveftcr oil ^o overheat and damage the system. You may shift the 
tractor from high to low or low to h|^gh speed at any time, usj^ng Hhe track speed'c^tat^rol 
levers; however, if It Is necessary to change from hfgh to low rdnge or low to high^ - v 
range, stop the tractor and mov^ the dual Vange lever to the desired position. To change 
thi direction of travel, reduce engine speed and shift the direction control lever to 
the desired position. 

(c> Stopping the tractor * Depress botji foot brakes together (this disengagisL. the -power 
to tne tracks in addition to applying braking action). Then shift the direction control 
lever and the track speed control levers to neutral and set the parking brake. Once ^ 
this has been completed, pull the hand throttle all the way back and puU out the engine 
\shutoff knob. When the engine ^stopp, push in the shi^ff knob. ^ Y 

4-3. RUBBER-TIRED TRACTORS , 

* 

a. Iptroduct^QML Rubber*tired tractors have been found to be more efficient and economical 
than crawler types Under certain conditions. They are used for eartbnu>vlng wben haul distances 
are loQg and a stable haul road can be maintained, or when crawler^tractors would harm the sur* 
face pt the road or runway. Wheeled tractors have less traction than crawler types, and there- 

\^ fcH>^ will not pull as heavy a load in sand or mud because of tire slipi^ge. This disadvangage is 
I . ;:partly overcome by uslng^a weight -transfer device which transfers a portion of the weight from 
the towed load to the rear drive wheels of the tractor. This device is especially^seful on a 
" tractor towing an earthmoving scraper. ; Rubber-tired tractors are snore complicated to operate 
^ than crawler- tractors. Although many of the instruments and controls are the same as those 

on crawler-tractors, the differences ..in enginesj transmissions, steering, and the addition of a ^ 
weight transfer require a greater number of controls and Instruments. The technical manual^ 
for the tractor will provide you with the detailed information on operation and maintenance. Be-, 
cause of their greater speed and maneuverability, wheeled tractors require that an o^rator be 
extremely safety -conscious. When you are operating a wheeled:^r&ctor, pr&ceeS slowly and 
carefully over rough or bumpy ground. The wheeled tractor bounces more than a crawler- tractor 

and has less stability/ 

.. 

b. MRS- 100 whaled tjractor. You may come in contact with three rubber-tired tractors in the 
Marine Corps, the Case MC 580, the large MRS-lrlOO, and^the much smaller MRS-] 00. The MRS^ 
100 (fig 1-6) found in engineer battalions will be described in the remainder of this ^ 

^ paragraph. The tractor is a 4-wheel-drive, 4-wheel-steer prime mover. It is equipped with a 

hydraulic dozer, rear-mounted sTngle drum hydraulic winch, rear drawbar, r^ar-mounted pintle ^ 
hook, hydraulic pQWer control unit, and weight-transf<ir device. The tractor is designed to be qec- 
tiohalized into five units Which permit it to be disasrsembled^ transported by air,, and then rapidly 
. reassembled a^ the point of intended' use. In^^fuklitioh to tiorfn^l dozing, towing, and winching opera-; 
tions, the tractor is designed to be used with a nyd^aulfclally operated 4-wheeled scraper. It is 
capable of fording in water up to 5 feel deep. The vehicle "fl^qtiipped with • QMC 4914, 4-cylinder \ 
m ' dlesel engine and an Allison CRT-33bl-l ^Torqmatic transmisiion. 

W 0) gon^ro^s apd instruments. The tractor Is equipped wifh the normal engine instruments 

which arc similar to those described in the paragraphs on crawler-tractors. The 
'n^ battery- generator, hourm-feter, engine~oi>pressure gage, engine-coolant temperature 

gage, and'fuel level gage perform their normal engjine functions^ 

Note ; The numbers below refer to the numbers on figut^ 4-6. 

. ■ ^ t 

1, Re ar-steering pedal . Leinked to the rear-steering hydraulics<^ntrol valve. Used 

to steer the tractor's rear wheels. " > ' ' 

i 2, R eai^steerin g directional indicato r. Located to the right of^he rear- wheel steer- 

ing pedal. Indicates the steering attitude of the rear wheels.- ^; - 

3. We^ht-transfe r pedal. Linke^jl to the hydraulic control valve spool. Used to 

operate the weight-transfer device. The pedal has three pfisltibns: HICfH^ NEU- 
• "T^L, and LOW* XJautiP m Use only at slow travel speeds. 

t • ■ - ■ - 
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Front-wh c<?V drive ehtft lever . Tbocated just forward of the steering column. Used 
' to engage or disengage the front-wheel drive. Ct j^utlon: Always stop the tractor 
before engaging or disengaging the front-j^^e^l^drlve. 

5. Trailei->--brake control levey. j4ounted on steering column. Used to operate the 
brakes of the towed vehicle indepcnden{ly of the tractor whe^l brakes. 

/ ' > 

6. Sty erring whee^ , 'fhe*vconventional automotive steering wheel, equipped with a 
horn button. Used to steei* the iValitor's front wheels. 

». ^ 

7. Horn button. 

8. TransmlsplQivoi[t'--lernperature gage . Indicates the temperature of the j^nsmlssion 
pll which should be 180° F when operating at full throttle undek' normVl condltlOh§ 

^ ^autlon; . Do not allow transmission temperature to exceed 250^ F. mJ^^^^ 
heats, stop the tractor, nhift into NEUTRAL,, ajrid rev.the en^|,Qe^^^y4o fim 
. Tjemperatul'e should start to drop In 15 seconds'and dt^o|^apldly to normal. If 
the temperature drops slowly, a malf||knctic^ in thetorqulr converter Is indlccfted 
^nd should be reported. " 

9' Transmlssion-oil-pressure gage . Indicates the transmlss^n main oil pressure 

and should show a conatant reading during nornVal ope|*§itlon. *An erratic reading 
^ may indicate \oyr oil level or a malfunction. Wlt^l the* transmission warmed up ^ 
to 180^ F, the tractor in high range and forward, with the brakes applied^ and 
operating at full throttle, the reading should be 110 to 120 psi. 
^ ^ ' ,. ■ ' . . 

Engine-coolant-temperature gag e. 

Engine-oil- pressure gage. Normal reading is 40 to 60 psl with engine warnied 
up and running at 2, 100 rpm. * . 

Panel lamps (3). ^ . 

13. Stjtrter pushbutton switch. Used to crank the engine . 
Fuel level gage , 

15. Battery-generator Ir^jcator. * ' 

16. HQurmt? ter. ^ ^ . s " . 

17. Light ^ witches. Three light switches are provided. The lefTswRhh controls the 
dash workllght, the right switch controls the right headlight and rear workllght, 
and |hc center switch controls the left headlight and the taillights. 

18. jSngine primer (ether), Located On right side of^^ftc^h. Used as a cold-weather 
starting aid (below +40^ F). Requires an ether bulb cartridge which is inserted 

^ Into the primer body, purusfurliW, and discharged into the engine air Intake. 

Ifi^/ Emergency* Stop control. Used' to shut down when normal shutdown procedure 




Air-pressure gage. Normal air pressure In the airbrake system is 80-85 min- 
'^^mum^nd 100-105 maximum. 

.^/ ^C<yy'tal^-pretfsure warning lightt Located directly above the air-pressure gage, 
<^^t? glow red M^en the air-pressure in the airbrake system is too low for effe'c- 
^ ' 4'*tlve b#aklng, 

22. Ignltiion switch . Provides an ON and OFF control for electrical current to th^ 
instruments and starter switch. 

23. Service brake pedal. Used to apply brakes to all four wheels of the tractor, and 
to« towed-vehlcle, 

24. Acce lerator pedal. Used to control engine speed. x 
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26 



Poxfir*<?Q"trQl tpygl ^ Controla the operation of the dozer bl^^ie and has the aame 
'four ppsltiona as the crawlci^tructor control lever: FLOAT, LOWER, HOLD, 
and RAIS]^ * t 



Poyer-blftde-tiU control ^ever. Located to right of the dozer operating leVer, 
U«ed to control the tilt of the dosr^er blade, 

27. Pi^fwenj^UMocH indjctitor light . Mounted on th<y rear of the tranemlsslon shift 
tower, the light remains ON when the differential locks are engaged, 

2^ Tri^pemigeion **Forwf^rd-I^everae" lover^_ Located to r^ght of operator's seiU^lt. 
• i8 the right-hand lever in the ahift tower. It haa three poaitiona: FORWARD, 
rS(EUTRAL, and REVERSE. Caution ; The tractor fnxist bo l^rought to a (foryiplete 
atop when changing direction of travel. Never change dlr&ctlona with' the vehicle 
moving. ^ ^ 

29. T rape iDiagioyi range lever. The left-hand lever in the i^hift tower» Ufled to select 
iht trarisfblaaion apeed range: HIGH, INTERMEDIATE, or LOW. Sigitlon: Do 
not downshift from INTERMEDIATE to LOW at speeds over 3 mph. Downshifting 
at excc^htve apeed will overspeed the engin^. 

30. Tr»nnjpfiiaaion ahift tower- 




1, R^tfr-itMrinc ptdal 11, 

2, Rt«r-ftMrlnc Ittdlcttor 12. 

3. W«l^-tr«a0f«» foot ^da) ]3. 

4. rtont-wh^tl -drivt Alft Uv«r |4. 
* 5. *Tr«ll«-brftfci control l«y«r 15. 

6. StMrinf wh—\ (front wh««ll) 

7, Hom button 17^ 
ft. Tr«n«nl«lott-oil-t«mp«r«tur« 

9, Tr«MmWon-oll-pr«iiur« gag* 

10. Englni-cooUnt-ltmpAatm R«g« jo. 



Etigln*-oU-iirtHm« gBfc 
Pant) Umpi (3) 
StirMr pwh-hjittott twitch 
Fu«WUv«lgBg« ^ 
B«tt«rY-g«n«r»tOc Indlcttor 

Light «y ltch«fe 

Engine prlm«r (cold w««thcr) 
Cmtrgtncy-ftop control (engine) 
Alr-prc»ure gef* ^ 



.21, LOw-tlr-TJrWMUtt wtmlng Ump 

22. Ignition twitch 

23. Service bratw ptdal 

24. Acceltrttoc p«dal 

25. Doetr-control inver 

26. DoMr-bUde-tUt control ' ^ 

27. Dlff«r«iitl*l-lock Indlcetot light 

28. TrftBimlwlon focw»rd"T«verf« lever 

29. Trinfmi»l<m renge lever 

30. Trentmlttlon ihlft tower 



Fig 4-6. MRS-100 Instruments and controls. 
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Not©: The numbers below refer to the nuniibiri on tigurt 4-*7. 

t r — > 
2, 3. Scraper (o r impUmen t) fcofit yyl j i yveri. The three foremoBt levera on the ftret hydr»u 
Q> Uc control bank mre ueed to control n hydrftulic implement or machine which haa been 
^ connected to the ttnoipr, tXirlng eprapi^r operitlone, the levera are used to control 
the/olWlnf: . 

I' Scraper bowl , ^ ^ 

^ "\ Scr«^^er apron ^ " , 

j^Scraper ejector ' ..^ 

4, Pa rl^lng brake lever > Ueed to apply 4he tractor parking brake. It has a knurled handl 
" ' which la uaed to adjuat the brake. 



5. Wlnch-^otor->c«^^rbl . Ift)^!:. ' The rearipoet lever, mounted on the first hydraulic con- 
trol !baiik< Uaed to control the operation of the hydraulic winch motor, -It has thr^e 
poaJtlpn«: and F^EVERSE. ' 

9' F^< | »^Uf[ht > Hae Ita ' own Switch and.k universal- type mount. 

7^ Cul^jjtf <^0Cka^ ^yiiU^r brake l^iijie ; Located Vn the acraper conn^tion panel, these 
ItSi^o cifl^^tsbtkf a^e' uae^or cutting off or turning on the air supply to the trailer 
0ht^^M^ .; -v; V ■ ^ . 

Ueed to apply the winch brake. Has a ratchet rfnd pawl 
- ^JSii^Th^ longer of the two winch control levers. 

9/ ' -. ^Jhch^^ ■ '■ Ua%d .to if^leet j^lther a high or a low winch speed. Has three 

and REARWARD (slow). 



1 0^,/ > ^jxij^^ Jknbb , The knob nnliy be pulled out to permit the cable drum to un- 

%J / used When playing out cable, 

.14, : BaaB^f jg^^ring Wyer and^lockqut, JjOcated^to lejTt of operator's seat, the lever. 
V / ' dV) ipa^ ti^ uaed aa a hand control ta steer the" rear tractor wheels.. The lock- 
out (12) conaiate of'^a clip on the floorboard and a pin that locks the lever to the clip. 

13, p!i^ fei'yi ; iti^Ho<^k-9ontrOl ley^r . Used to $hlft the differential locks into and out of 
engagement. Do not use differential locks at high speed. ^ ^ 
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^^Scrtpcr "BOWL" control l«v«r 
\Scr«p«n"APRON** QOi\tTol ltV!«r 
^^CTApcr "EJECTOR" controncl^r ^ 
^■rMng brtke lever 
Wlnch-motoc-contTol lever 
Floodlight fwttch 
Ciitotf cock {trtUer air aupply) {2) 

Fig 4-7. MRS- 



8. Wlnch-brakccontrol lever 

^ 9, Wlnch-ge«r«hlft lever \ 

10. Winch-free -tpool knob 

"11. R«ar*'tteerlng control lever 

{linked to rearttcerlng cont|ol pedal) 

12. Rear-tteer{4£lever lockout 

13. ^lfferejUlal**lock-coi^tr<fl lever 



100 tenv coptfols. 
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^ Startmg the engiiye, 



(a) Normal conditions. 



J^. Place the transmission shift levers in NEUTRAL and engage the parking brake, 

iVluke sure the emergency stpp control is all the way in against the dash and turn the 
Ignltlon.uwltch to ON. Then depress the accelerator podal to half throttle and 
engage t^c pushbutton starter switch. After the engine starts, release the starter 
swlTcTi and control the engine speed as needed to assure correct wamnup. Check 
th^ olLppressure gage after'the engine starts. 

2^, Ru^ffie engine ut part throttle and no load for approximately 5 minutes, allowing 
the engin^ to warm up. While the engine is \yarming up, check the gages and make 
sure they are registering as they should. If not, check to see why and either cor- 
rect or report it. 

3^. The air brake system pressure gage should always read above 60 psi while the 
engine is operating above idling speed. If pressure remains low, troubleshoot the 
system. Do not drive the tractor until the brake low pressure indicating light 
goes out. When the light glows, pressure in the system 1^ below the piinlmum 
required for full braking power. 

4^. The trQ.ctor is equipped with an autorftatic transmission. It should not be started 
by towing. If battery output is too low to crank. the engine, connect an external 
source of 24-volt direct current to the tractor electrical system by moans of the 
electrical recepttcle on t^e left side of the tractor. * 

(b) Cold-weather starting . Perform the normal Jbafore- operation procedures, then pre^ 
pare to use The ether starting aid. Unscrew We primer cap, insert the ether cap^ile 
and replace the cap. Depress the accelerator pedal to three-quarters throttle 
position. Engage the starter button, and after the engine is turning over at full 
cranking speed, discharge the ether capsule by swinging the actuating lever through 
180° to the opposite side of the primer. The enginft should start within a Tew seconds. 
If the engine fails to start aftel* several attempts, troubleshoot the engine and cor-; 
rect the defect. 

% • 

(3) Stoppi ng the en gine. ^ 

No rmal. Ground the dozer blade, place all controls in, neutral position^ ancl apply 
the parking brake^ Decrease engine speed and allow tl^e engine to run at half speed 
for 4 or 5 nUnuTfs to permit gradual and imiform cODlijM^^To cut off the fuel supply, 
release toe pressure from the accelerator pedal and aj^y heel pressure to the 
V bottom of the pedal. Turn the ignition switch to OE^^ Be sure the switch is off 
before leaving the tractor; if the switch is loft on, the constm drain of current to 
'the instrument panel gages will run the batteries down.^ 

ib) Emer g ency . If the normi^l shutdown procedure fails to stop the engine, pull the 

emergencj»-8top control handle out as far as it will'go. ^This will stqp the engine by 
cutting off the air supply from the blower. After the engine has stopped, push the 
handle all the way in. Before restarting the engine, check to see why the normal- 
shutdoV^n prpcedure failed, and either cori^ct or report any defects. . 

Operating th e tracto r. 

Moving th e tractor. ^ \ 

1_. To move the tractor, release the '^rking brake, raise ally attachment, and with 
the engine' operating at idle speed, shift both of the transmission speed and dire 
tion levers to the desired position. N^ow all you need to move the vehicle is to 
depress the^ccelerator pedai. 




2.. The transmission Is full-power shifting. It is possible to upshift or downshift the 
transmission at wide-open or at part throttle. Shifting to and from all speeds q^ust 

V be done manually.. Do not downshift at speeds In excess of the maximum allowable 
range speeds. For traveling at fast speeds, use 2'-wheel drive and lock out the 

* rear steering. * . 

(b) gte^rii^g, 

i- Q^neral . The tractor Is equipped with Independent front and rear hydraulic power 
steering. The steering wheel Is u^ed JrO steer the front wheels. The rear wheels, 
can be steered by either the rear wheel steering pedal or lever. Since the systems 
are Independent of each other, the front and r^;^r_wheels can fie steered continuously 
and in different directions. Four distinct methods of maneuvering are providecf 
(fig 4-8 A. B, C. D). / ^ 

2, Independent-fron»-wheel a tj perlng (A). This type of steering Is similar to regular 
autOMTioblle or truck steeRng. If traveling a considerablb distance or at fast 

* flpeeds*. the rear wheels should be^cked In the straight-ahead position to avoid 
-^iii rear-end drift or accidental rear wheel steer. 



5. 



Indepe ndent-rear-wheel steering (B) > By using the rear-steeJrlng-control lever (or 
pedal)/ only the rear wheels are affected. This type of steering is helpful when 
backing or^ositioning a towed vehicle. The front axle steering may also be locked 
out, but this feature is only used for sectlonalization, not for normal operations. 

Articulated steering (C). By coordinating both the front- and rear-wheel steer- 
ing, the tractor can be turned in a much shorter radius, whether moving forward 
or backward. The wheels are simply steered in opppslte directions. 

Crab steerlrfg (D). By cross- controlling the steering wheel and the reai^-steering 
control lever, the tractor can be made to travel In an oblique direction, with no 
two wHeels moving In the same tracks. This Is a useful method of steering when 
operatmg at the edge of a shoulder or when positioning the tractor for another 
dozer pass- 





Fig 4-8. Methods of steering the MRS-100 tractor, 
c) Braking , ^ 

1, Servient) nakes. Depressing the brake pedal applies the tractor wheel brakes on 
all four wheels, and also the brakes of a tC^wed vehicle. The best way to apply th^ 
brakes, is to'^cJeprc^s the pedal as hard as tractor speed and road condltiows permit, 
abd then gradually reduce pressure as speed decreases. As the stop Is completed, 
mftre should only be sufficient air pressure in the brake ch'kmber to hold the tractor 
" stationary. Never apply the brakes lightly at first and increase brake pressure a^ 
the speed decreases; this results In a very iroiJKh^op, Never "fan'* the brake 
pedal.v This only wastes compressed air. Except in cases of emergency, do not 
fully depress the brake pedal. This causes full braking force to^be delivered to 
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the wheels and should not be neceasary-ln ordinary conditionB. 

2, Trailer brakes . The trailer brakes can be controlled independently of the tractor 
brakes by a trailer-brake levers. The lever will remain in any set position until 
moved by^he operator. Trailer brakes are primarily used when going downhill, 
with the trailed unit (scraper) pushing the tractor. The trailer brakes must be 
applied first In orc|er to prevent jackkniflng the unlti If the service-brake pedal Is 
pressed while the trailer brakes are being applied, the valve which Is applying the 
greatest force will override the other. Thus both valves may be used at the same 
time and the trailer brakes applied harder than the. tractor brakes. 

(d) Parking , ^ * 

1^. Wlxen parking the tractor on a slope, set the, parking brake a^d lower the dozer 
blade or scraper to the ground. If there Is a bank or ditch close by, turn the 
tractor Ihto It, This will prevent any possibility of the tf actor -rolling off should 
the parking brake b^ afccidentally released, 

2, When parking a tractor-scraper combination on a grade, always set the parking 
brlike and lower the scraper bowl to the ground, allowing the full weight of the 
scraper to rest on the ground. 

'(5)' Dozer-blade operatlQn. . , 

(a) Dozen>b\ ade operating poaltiorts. - ^The dozer-blade control lever operates In the same 
way as the previously descjrlbed one for the 82-30M crawler-tractor. Four positions 
are used: FLOAT, LOWl^, HOLD, and RAISE. 

(b) DQze>>blade side tilt. The dozer blade can be tilted by using the tilt control lever 
which controls an offset tilt cylinder. Three positions are provided: RAISE, HOLD, 




The pitch of the dozer blade Is adjusted by a single upper strut. 
Gen«l*ally the blade is tilted back for soft ground and forward for hard grdund. 

(d) Scarifier, Three scarifieriTare attached to the dozer blade fop back ripping Opera- 
tions. During dozing operations they are held up by R^s. / ^ 

(e) SUding-shpe operation. The blade is equipped with two sliding shoes which assist In 
controlling the blade. The blade can be raised or lowered slightly by adjusting the 
rielallve positions of the sliding shoes, 

(f) Travel locks. Two Cables are provided to hold the blade In the travel p 
(6) Winching operations . 

(a) The rear-mounted single drum winch Is qsed.where powerful, well-controlled line 
pull is needfl/d, such as freeing t)ogged equipment. The winch is under^^ouiid <pulls 
from the bofjj^of the drum) to permit greater line pull without raising the front 
end of the tractor. When t^e drum is almost bare, the smaller effectlv^ diameter 
reels cable in more slowly, but with greater power. As the cable spools onto the 
drum, the line speed increases' and pulling ppw^ is reduced proportionately. 





Use caution when ^inching heavy loads, especially if the tractor is driven to move the 
oad and more so If tife pull la uphill/ GeneretUy, the winch should not be used for 

ng because there is a possibility of overturnlrtg the tractor. It Is best ^o anchor, 
he front end of the tractor arid let the winch' do the pulling. When using an anchor, , 
chain or cable, keep in mlnd4hat the winch cable will seek a' straight line Between the 
anchor and the load. In case of a low pull, the rear end of the tractor will b 6 pulled 
downward anS the rear tires may be blown unless blocking is placed under the tractor 
frame. Do not pull from c^n ang^e; aline the tractor so tljat the load is directly behihd 
It to prevent overturnirfg the tractor or unnecessary strain bn the winch, winch 
mounting, or cable. If it cannot be alined, lise snatch blocks and anchor to pro- 
vide « straight pull from the winch, ... ^ 
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(7) Welght-tranflfer operation . 

(a) The weight trrfinpf^r is o|>crated by the weight -transfer pedaU When foot pressure is 
releatf^d. the pedal return^Xq neutral. Two stages of weight twnefeT are provided. 
HIGH WEIGHT and LOW WEldHT. . The low-^weight position la used during the initial 
loading of a scraper. As the scraper becomes ^lly loaded (heavier), * the high-weight 
stage should be used. Po not use the weight trsinfer while in third-speed range nor 
in reverse gear. Do not operate the transfer for Tnore than 10 minutes'^at one time 
nor more than 30 minutes per hour intermittently. Excessive use of the|aeight trans- 
fer causes overheating of the hydraulic oil and may damage the hydradiic system, 

(b) The weight transfe'i* should be used: . ' 

• When loading ^a scraper. * • - 

• To prevent wheel spin. Advance recognition of bad traction conditions and use of 
wedght transfer before wheels begin to spin will avoid loss of traction and momen- 
.tum.of the tractor. ^ * 

• To provide addition^ traction on steep grades, slippery roads, and soft roads 6t 
fills, use LOW when empty, HIGH when loaded, . - 

(c) Use caution when making turns with the weight transfer applied. Such turns should 
be made at ^low speeds only. Do not use the transfer in a turn if the stability of the ' 
trailing vehicle is noticeably affected or if the tractor is turning sliarper than 90° 
in^elation to the scraper. > ^ ? 

c. Case MC 580B tractor > Sortie technical data on this tracto^" wasj^iven in chapter one. 
We will now describe and locate for you the various controls and instruments for proper opera- 
tion of the tractor. The case MC 580B tractor is equipped'with the normal instruments which 
ai^e similar to those described in the paragraphs on other tractors. 

(1) Instrument panel instruments an^ controls (fig 4-9). 

V 

(a) Water temperature gage. This gage has three color zone8--amber. green, and red. 
When the pointer is at amber the engine is still Cool and not up to normal operating 
zone. When the pointer is in the green you are at normal operating temperature. 
The green band has a temperature zone M^hich can^vary between 170° F and 220° F, 
When the engine la too^hot the pointer will be in the red, 

r 

(b) Engine oil pressure warning light . This warning light will light jl/i^n the ignition* 
switph is turned to the ON position and should go off when the engine starts. When the 
llghb comes on during operation it i6 an indication of low or no o|K This is a warn- 
ing to stop the engine' and check for the cause. ) " 

(c) Ammeter . This meter indicates whether the batteries are charging or ^lischarging* 
It has a red zone for disciharge and a green zorte for charge. The cent'er between the 
two indicates Q amperes. 

(d) Air cleaner indicator . This indicator is a Jactory-set signal which indicates ^w hen the 
air cleaner filter elemept requires servicing. As dirt is trapped, the air flow through 
the air cleaner is reduced, causing a red signal to rise in the indicator^ ^When the red 
signal is f\illy exposed, it is locked in position, indicating that air filtei^element ser- 
vice is required. A reset button, on top of the indicator, must be pressed to reset the 

'* the indicator after air cleaner service. 

(e) Tachometer and hourmeter « The tachometer indicates the rpln the engine is turning 
and the hourmeter registers the number of hours the engine has run.' 

* H. " * J 

(f) Cold weather start control knob > ''This knob is used to inject starting fluici <ether) into 
the air intake system to aid in starting. 
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(g) Ignition switqh ; Thie swubn cpntrole the. starting circuit and, (he gage circul^. There 
are three po|fi|ipnfi4-OFF/.QN, . and.StART. The START position has a spring return, 
so that when the switch ifrVeleased, it" returns to the ON position. 

(h) Trans mie 6 ion oil pr e\^§U gage , This gage indicates th^ clutch oil pressure. If the 
|x?lnter is in the red zone, tne engine should be st,oppecl-at ouc^ and checked out. 

(i) Transmisaion oil tetnperatQre waiining light , Thifs light will come on when the trans-- 
mission oil is above- nornnal. W the light stays Jon ^fter a period of idling with all con- 
trols in neutral, the engine nij-ij^t be stopped and the cause must be checked out, 

« . . . ■ * •' 

( j) ' Light switch . This switch controls the tractor lights and panel lights. 

(k) Kngine shutoff knob . The shutoff knoh is marked STOP. When pulled out> it shuts off 
the fuel. The knob must brushed In all the wMy for'^he engine to startj ^ . " ' . 

-> 

(I) Fuel gage . The fuel gage indicates the amount of fuel remaining in the fuel tank. 




Fig ControV panel Instruments ^nd controls- 

(2) Driver's co^nipartmfiht controls (fig 4-10). ' • . 

(a) rtand throttle control l^^f ■ This lever Is mounted <5n the right sld^ of the steering 
cO'lutnn, and increases The engine speed when pulled backward and decreases $peed 
when. pushed fgrward. ✓ ^ 1' . 

(b) Accelerator P^daj ^^ This pedal increases engine speed when depressed. ) 
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(Q) n::iutbh-br'ake pfidaL pef/r/Dasing this pedal wlli disengage tho povs'er clutches 
withtn the first ,1 1 /2 " of'.'pednl travel and the remainder of pedal travel, fippUes 
braking force to the tractor. .The pedal must be deprcs>sed when* £jelec ting gear 
shift work range. RoloftJJO t!^e pedal to cngagfe power clutch to operate the tractor. 

(d) Foot brftke pedalg. These pedals rnay psed Individuaily lor turning asBiBiance or 



Foot brftKe pedalg . Tneee peciai^ rnay d<? ] 
locked together for saf^ travel or parklYig. , 

r applie 



(e). Parking brake control lever 
Is pulled up. 



This level 



(f) Power shuttle control lever. This lever 



applies th^ brakes for parking when the lever 
contml^'the direction (forjward or reverse) 



of movement of the tractor. 



TransmiBston gear shift lever . Thi$ lever is usod to select the gear ran^ desired ^or 
Operating the tractor. Gear ranges apply to both forward and reverse a* direction 
ti^avel l8 controlled by the povier shuttle. 'Plwt. tractor must be stopped and the fool 
^clutch-brake pedal depressed before shifting into any gear range (fig 4-11)* Thq gear 
shift levj^r must be shifted to^start the tractor. A neutral start switch, which is 
located %the tra^ieml^sion. prevents the engine from parting urtless the transmlsfeion 
- gear shift lever le In the START position, ' " . 

\ • 'I 

(h) Loader control lover i This lever ;Controls all the operation of the loader. Moving the* 
lever back raifles the bucket* moving it forward loners the bucket. When the lever ij» 

^ fully forwai:d the bucket Is in float position. Moving the lever toHhe left causes .the 
bucket to roll back and moving it to the right^dumps the bycket. Moving the lever far 



(1) 



left and forward automatically returns the bucket from a dumped position-to a digging 
^flltion. , *>: 



PTO control lever . |The PTO lever Is located i^l^Jer^e driver's seat, 
m'nwf^ nn to f»nffa(Tf«. th^^ PTO and down to dlRenc^a^.e* H ^ ' 



The lever is 




Fig 4-10. Driver's compartment controls. 
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* Fig 4-11. Tn^nemlesloo shift pattern. - - * " 

" • ■ . * •' ' ^ 

(3) Backhoe controla {fig 4-12). These controlp confiifit of five leVers located on the backh6e 
co^itrol tower. . - " ^ 



^ Stabilizer control levgr .;> Moving this, lever toward the boom lowers the etablhzer on 
that side. Pulling tM Ifl^ver back retracts the stabilizers ^ 

tb) Bucket^ control lever . tVhen thi control lever Is moved toward the boom,4the bucket ' 
^ moves to dump Jtesitlon, When the* lever is pulled, back, the bucket moves to load 
poaitloni - ' ' > 



(c) 



P|jM Bfc"^te^^ver . Moving the control levey toward the fctoom, moves the dlppe 
a^ffM^y^rd , ''"sJ^illlng ihfi lev/r^'back moves the dipper arn^a* * 



Boom^ontrpl lever^ ^ Pushing the control lever tovrards the bobifl- lowers the boom. 
Pull^ng-the l»ver back moves the -boom 

Te) Swing ^dalfl . These^ pedals control the swing of the backhoe'to right or left. Depress- 
.ing the>f|;ight pedalTgwings tfae boom to the ^ht; depress the left pedal and the boom 
swing^Meft. ' . « . ' ^' W 



0 
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(4) Thr^e-polnt hitch controle (fig 4-l?r). The Ihre^-point hitch 1« equipped with four 

hydraulic controls. The lift, pitch, and tilt levers are used to position the hitch. The 
implement lever ia,usec) to control ihe atlachmenV The lift control lever is i|jechanicaUy 
held when in the float poaltion, 

yia) Xift control lever , Movjhig the lever to theVight lowers the hltoh. Full right is the 
ftoQt pofllUon. Moving the leyer lo the left lowers the hitch, " 

- (b) iR^tch control leveiy /Mbvlng the lever t9 the right moves the hitch back. Moving the 
leyfe<to the l^ft ttfovee the hitici)»forward, 

} ^{q) Tilt contr^)l^levei^. BpBiilonlnjf the tilt. control levor to the right causes it to tilt to the 
right, Movinif.jlt to the left will caus^ the l^itch to tilt to the left. 

If 




Ine. 



Fig 4"'1<*,* crrnree -point nitcn comrQis. 
(5) Starting the engine, ' . ^ - ^ 

, (a) Perform the operation checks and eervicejs before startiftg the engi 

- \ 1. 

(b) ^ Set the pacing brake, , . . 

(c) Be sure the po.wer shuttle control -lever is in neutrd[l. 
' ((J) Chf^k to see if the engine shutoff knob is pushed in, 

^ (e) Open tlve hAnd throttle by pujphing lever forward about half the way. 

(f) 'Wlove the transmission gear fehift lever to START position, 

(g) ^Tiirn^nition switch- to stfekrt. - , ./ , . 
(t^I^|||||)S^emp^ is below 40°''F, use the cold Waather s.tartlng aid. • 
(i) Immediately after starting the.^hgine, check the instruments for readings^ 

► (jKf^erate the ^"^||^ ^^^^ throttle «id*no load;^Con aboUt 5 n?inutes.^ 
(f^ Moving the tractor^* * . ^ ; ^ 

(a) Aftei^e engine'has warmed lip, throttle it down tp idle speed and. release the parking 
- ! brake, . [ ' I ■ * . ^ 

* « *■ * ' , • ' 

(b) Depress the clutch-brake p^dal and move the transmission shift lever to desired work 
r^nge. ' 



\ 

)eae 



To go forward; releaeg the clutch-br^kefpedalMd im^thg power Bhu|ile control' lever 
forw^d. To revei>Be, pull the level- back. Increase tn^Sitlne speed as required. 
Direction can be |||jrersed without depressing the clutch-brake pedaU 



(c) 



(d) To change iransmiUfon gear range, stop the tractor, ^depress Ihe clutch-brake pedal 
and shift to the deeli^d range. 

. ^ 

^'^^ Stopping th e tractor . Stop the tractor by depressing both foof^ral^ee simultaneously. 

This cuts power to , the wheels ond applies tfraking power at the same time. Then shift 

the power shuttle control lever and the ti^anemission gekr shift lever to the nftttral posi- 
. tion arid set the parkirig bimke. Shut off the engine by pushing the hand throttle all the way 

forward, and pull out the engine shutoff knob. When the engine stops, push -in the shHtoff 

knob.* , • 



'4-4. r)OZER BLADES 



V 



a. Cl%^siflcyon an»i,3 e ^ Thd^st con>mpn tractor attachment is the dozer Wade, a heavy 
rectangular steel blade which is mounted on.the^nt of the tractor. The bla^e is used for pu7h- 
ng earth either straight ahead or clearing treo^ .Drifting th>. earth to one side is caUed "side- 



(T) i3uUd£2ors.. -Tlle bulldozer blade is mounted *t m.right angle to the long axis of the 
♦ The I'latle cai^be raised or lowered, yite^a slightlSM^r tipped fori^ard oV 

^ 'backward, but it cannot be angi^Kl (figff 4-14 through 4-16); Hhe pitch brace«,prov4de 
- a' means; of tilting .and/or tipping, the blade. Some tractors are equipped aojkat the 
^ Ult tan be changed hydi-aulically. Adjustment of the blade to soil condition/^will greatly 
^"^''f^f dozer production. Bulldozer side-plates help r^wa maximum load (fig 4-14) 
' The bvaidoz«r is suitable for straigBt drifting of materialTd for-trenching or back- 
filling. ^ , \ ^ 




Fig 4-14. Parts of straight blade bulldozer 





Fig 4-15. Tipping bulldo7,er blade. 





(2) 



Fig 4-16. Straight drifting of material with bulldozer. ' • 

Angledo'^er . The angledoz^^r (sometimes called a bullgrader) can^e both jLngled and 
tilted (figs 4-17 through 4-19), The blade is designed so4hat it can be angled approK^ 
imatcly 30^ to the right or'lefl for sidecasting. The blade may also be tinted up to , 
12 inches. The angledozer is the best piece of equipnnenl for pioneering ^oads and for 
constructing sldehill roads. ] Angledozer jgjyf.k should be planned so the operator does 

o6sTtion*of the blade. ^ 



not have tb s<^op frequently to adjust the p 




> 



J. 



Fig 4-17, Parts of angledozer. 
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Fig 4-18. Adjustment of angledozer blaJF, 



#1 
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Fig 4-19, Tilting ankledozer blade. 



(3) Land-clearing (shear) blade . (fig 4-20). An attachment available for u^^with the 02-3OM 
tractor is the land-clearing blade which is used to clear an ai^nifL ofHreefe. It is . 
similar to the angledozer^ but has a IcJng speariike part mounted oxt the leading corner 
of the blade. The blad^ is curved more than either the bulldozer or the angledozer ^ 
and the putting edge is almost parallel to the deck. The blade angles to the right with 
the spearlike part attached tg the left lower corner. It is capable of cutting trees up 
to four fee* in diameter. The operator controls the height of the ctitting ec^p as he 
would *^the cutting edge of the bulldozer or angledozer. 



'•A. 
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Dozer control. 



Fig 4-20. t.and- clearing blade, 

t ■ 



lYT)perated 



(2) 



All of the dozers-ycii will operate*. In the Marine Corps a^f hydraulic ally Operated. One 
key factor In -blade control la the speed Mth which the blfiMe control lever Is moved 
from the hold position to either the raise or loWer position, and tack to the hold posi- 
tion. The faster you move, the lever, the less the blade will move up or down. With 
the tractor moving forward, the opet-ator should gradually^eed (lower) the dozer blade 
into the groundWitil it starts to cut> This should be done by lowering the blade in small 
amounts, until th^ engine starts to labor. Then raise the^Ade la small amqants. until 
the engine ceases tp labor. At this time yovtt tractopan|Hyi^wfe should be on the 
same |:Aane, and you.wilbbe taking the maximum possibl#Wt. 

Another key factor to .watch for hefte is tWe pbtnt at which the tractor tilts forward 

into the patK.cut by the blade. The blade must be raised in small amounts so that 

both tractoAmd blade will be on the same plBxk (fig 4-21). Re>member: it is easier 

to control a fully loaded blade than a partly loaded one.*" ^ , 



\ 
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TRACTOR ABOUT TO ENTER 'OUT/ 
GRADUALLY RAI3E BLADE. 




CONTINUE TO RAISE BLADE UNTIL 
TRACTOR AND- BLADE ARE ON THE 
^AME PLANE. TAKINB MAXIf^UM CUT. 



Fig 4-21. Steps In starting a cut. 



4-5. 



DOZER EMPLDYMENT TECHNIQUES 

\ - • 

^Introduction. The dozer is usually the first piece of equipment to arrive on a conetruttion 
^n?rV>^ to leave. The economical hauling distance for a dozer ranges from 25 to 
"^^^ , 'J^'^g nrr nmnt fjffnn*»ve when operated at maximum practicable apeo^and in soils 
which tend to remain In front of the bla^ie during travel. The techniques that will be discussed 
win save time and Indreaee production, Conditions permit their use. 

b. Blade- to- blade or gide -rgy- side dozing. In 



blade-to-blade dozing (fig 4-22) two d^^nore 
dozers work abreast, with the blade edges as 
close together a§ possible. This prevents spillage 
around on^ blade^edge on each dozer. '^Bladeito- 
blade dozing requires time-consuming man- 
euvering of the dozerrf ancUs' therefore not prac- 
tical for hauls of'less t^Wn io feet. 




- Fig 4-22. Sidie-by-side dozing. 



' ^ c Sl£t doziftg, In slA dozing (fig 4-23) the dozer makes several passes in the same tracks 
which builds up a. pair of ^drows; Thes e Windrows tform a trench, preventing spillage ground 
the ends of the dozer bl»de.\ Cu\, sectlops, wh>mHi^9slble, should be "slotted" alternately 
leaving narroV unCut sectlon\between slots. - 
by normal d<S?.ing, 



The narrow uncut sections can then be removed 




Fig 4-23. Slot dozing. 



d. Powr|hill dozing. Another method of increasing production is to work do^vnhiU wheneve* 
possible. With the a88i*hnce of gravity a dozer can push a far greater load downhill than it 
can push on level ground. When ddzing down a steep hill, pile several loads at tlJtrink of the 
hill and then push thefn all to the bottom in a single pass. ^* 
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4-6. CONSTRUCTION OPERATlOrii? 
a. fclearlnfg. 

3irftU tre 



ii^' ^ (W Bruah and tree a. To clear bruah and sirftU trees, travel forward In low speed with the 

- . blade loworjKjl » fe# inches Into tbe ground to cut the roots (fig 4-24). You can make 

one pass knocking over trees and^brush, 'bact up. and make another pass to clear them 

• * away. T'he land-olearing blade can also be used to cut the trees and brush at or above 

ground level, 

(a) Small and medium. Medium trees from 4 to 10 incH^ in dlame.ter should be pushed 
over with the blstde raised as high as possible to gatn^xtre leverage (fig 4*25). Push 
the tree over slowly and back up as the tree falls, to keep the tractor fre^ from the 
rising roots. You can now lower the blade, \rnove forward and dig the roots free with 

. . • a lifting pushing action. Cut medium trees ^ lowering the landing clearing blade to the 
desired height and driving the tractor forwp^d so that the land^learlng blade wlW con- . 

• tact the tree near the left edge. Cutting the tree will leave a stump and caution must 
be exercised to prevent damage to tractbr or Injury to operator. Push the felled tree 

to the disposal area. 
• . • / 

(b) Large. For tftes over 10 inches in diameter, the removal Is slower and more 

\^ dlfficifttt - A preliminary contact should be made wit^ the tree, inspecting for dead 

s . limbs which mjlght brei^k off and fall on the operator. Contact should be made gently 

with the do^er blade high and centered for maximum leverage. Before pushing over a 
' huge tree, the direction of fall (which Is usually the direction of lean) should be deter- 

' ^ mined: If the tree cannot be pushed over, it must be remoyed by anothe^y method, one 

of AVhlch is shown in figure 4-^6, First, the roots are cut on the side opposite the 
dire)ltlon of fall. Then the rq^S^bn both adjadent sid^s.are cut. The excav^ed earth 
is used to form a ran^p abov^.^ first cuj so th^t greater pushing leverage can be 
6btkined;a*;ffle tree Is^heA pui^d overi^TJl^p 6perator should reverse the tractor 

. ' quickly as the tjree starts to fall in order to get away from the rising root mass. It 

may sometfi^tes be necessary to cut the roots on the fourtlrside when large or well- 
rooted trees are being removed.. Wh^ the trees ar^removed, the area should be , 
filled and leveled to prevent weD^r from accumulating. To cut these trees with aland- 
clearing blade, drive' the trfxctor for>;jard so thatihe spear-like part will spUt the tree 
and shear off a portion at a time. Start the cutting at any i|»vel desired abov^ ground 
level. Observe sorfie general ^jpty precautions ag outlined for pushing trees oyer with 
the buMWozer. ' ^ 

(9) Stumps, StumpsJfre rempved in much the sanie manner ^s trees. StuAps and trees 
should be rem^^ from the ^construction site Individually. Piling is avoided because 
of the difficult|5^£removal when they become- entangled. Care should bd taken when 
pushing the tree^^ stumps, that the dqzer blade does not ride over them and "hang •3^ 
up** the tractor. D^ers are npver. worked clofle together when clearing trees; one ^ 

\ machine. may push a'^tree over on another. 'Aie land -clearing blade can be used to push 
trees and stumps out of the area after theyihave been removed from the ground. 



1. MUt bltdc tiKl 
pmh tree ov*r. 



D^yciip. drop bUit«, 



Fig 4-25, Bulldozer romoving^ecllnm-slzed treea 




CUT WOOU ON MM Om 
TMt 10 M fUMO nOM HHM 



CUT Hbf TWO 



CUT MM THHI 



•OftO KAAV ON not ONf V»«> fO\H 
TNI OVtt 




Fig 4-26., Four steps fgi removing large trees wit^ bulldozer 

, ^ . T- dbladillthe most effective piece of equipment 

''^ the blade tilted, remove th^ earth from tJeh 

aides &f the rock. The dozer should then push from the uncut aide, letting the blade 1 
penctrat^eep enough to get undei^a portion of thft rock. The dozer moves forward 
pushes the-\;o<ik and lifts it with the blade. This combined pushing and lifting action 
IS similar to>etlimp removal, and provide* a means of rolling the rock, boulder ^ 

» 

b. Sidehill cuttin g. ' 

of its sidecasting action. A sidehill cut should be Worked fromTheTop'^^ thrpro^oseTroaT 
downward xf possible. Aft^r gettinglo the top. of the hill, the angfedozer proceeds to form a 
level shelf or bench as shown irvA, figure 4-27. After th« bench Is formed, the tractor starts 
working parallel (B fig 4-27) to the centerline of the road. Work ii started, if poM ble. ^t . 
poitit close to the slope stakes on the high side of the hill. With the blade aniled and tilted to 
Im :r °" ^''^ <«g«lnBV^he hUD. the d«er begins workltl way down- 

illf'J .1 ITT^^^ "^^'^ Care^should be taken to continue the 

r H n H "^'^"^ "'"P" "u"''^'' °" ^"•'^d^- This Bhould eliminate 

potentially dangerous overhangs. Work' the material gradually to the outside. Being particularly 
careful when working close to the ^oft. doWnhill side of the cut. parucuiariy 



f angledozer^is the best piece of equipment for this^peratioh because 




Fig 4-27. Starting sidchill cut^ort gentle slope. 



c, FlnlBhing side alopeet. Two «f6mmoA methods of finiehing a side slope are shown In fig- 
"ure 4-28 and figure 4-29. In finishing lidc slope^by working parallel to the right-of-way (fig 
4-28). the dqzer «tart« at t»v» top and makes a aefiea of overlapping passes along the slopev Ir- 
regularities in the ground will be filled as the windrow is worked down the slope. In finishing 
side slopes by working diagonally, the doxer starts at the bottom and works diagonally U£ the . 
slope (fig 4-29). A windrow Is formed iBind,ls continually drifted to one side by a series over- 
lapping passes, filling In low sfM^ or Irregularities. This Is one of the few Instances where a 
dozer may be most effnctively employed by cutting uphill. You must know the capabilities of 
your equipment to perform these operations safely. Learn what degree of slope your tractor 
can negotiate safely under different soil and weather conditions. 





Fig 4-28. Parallel ^method of flnlsH- 
ing4i side slope with a dozer, * 



Fig 4'-29. Diagonal method of flijilshlng a 
side slope with a dpzer. 



* d. Backfilling, Dozers are the best pieces of equipment for backfilling because material I 
pushed' directly ahead of the machines over banks Into ditches, or directly ajainst a structure 
When backfilling^culvents. crawler tractors should not cross over the culvertVunless there 
12 inches of solid material on top^of the culvert (fig 4-30). The operator shouAd raise the blade / 
as the dbzer nears the trench or abutment, permitting the fill material to be placed with a min- 
imum of.fojce. This will tend to leave aiv excess of material, which will allow for the com- . 
paction or settling o^ the fill material.-. It will also tend to keep the dozer^from applying too ^ 
much pushing force against a stricture, causing it to collapse. 



^ • Fig 4-30. Backfilling a culvert with a dozer. 

Pitching, Althpilgh the grader Is better suited for ditch work, the anglcdozer can efficiently 
construct V-type dltchesr The blade should be angled and tilted. Line up the tractor parallel to 
bnd about'2 feet from the stakes markinglhe ditch. Make a light cut the length of the ditch. 
Back up and get the outside track on the windrow. Make as many cuts \i8 necessary to bring 
the ditch to grade. By keepin|f the cuts light, you will have better cmHrlol of the blade. After 
the first pasd. you will probably have to readjust the amount of tilt on the blad». Ajfter ^ 
finishing one side of the ditch, turn the tractor around and cut the other side of the V-difch 
in the same way, t 



^4-7. ' DROTT 4-.I>m SKID SHOVEL FRONT END ATTACHMENT 

a. General. The 2-plece, hinged. Droit 4-in-l front -end-attiichmenl (fig 4-Jl) makes it 
possible to use the Case MC 1150 scooploader and the 72-31MP Terex tractor afl a ajcid ahovel, 
bulldozer, scraper, or cVamsh^ll. As a skid shovel, the tractor is capable of breaking out 
stubborn matcrlals'wlth an applied force three times the lifting capacity of the tractor.* As a 
bu^dozer, the clam is opened, revealing an efficient bulldozer with radius control moidboard for 
smooth dlrt-rolllng action. By opening the clam slightly, the tractor becomes a scraper, and it 
is possible' to control a smooth slicing action designed to accurately strip spd, tbpsoil, or clay. 
With positive hydraulic action it is poeslble to operate the tractor aa a clamshell for removitig 
stumps and trees and carrying them to tr^cks.*. This highly vereatjle ^Ittachment Is standard 
equipment on the Cas^ MC 1150 scooploader and th* 72-31MP Terex tractor. 

b. Controls (fig 4-32), The bucket hydraulic control levers on thifr Case MC 1150 scooploader. 
actuate spools in th| hydraulic control valve to apply hydraulic pressure to one end of the 
corresponding cylinders and to provide a return from the other end of the cylinders. The center 
position for each lever Is a hold position for the corresponding^ cylinders. 



c. Ope ration > 
'(I) 



Skid shovel . As a^skid shovel,' the loader can dig, transport materials, back fill, load 
trucks, and level uneven ground. To pick up and transport objecta on the Caae MC 1150 
scooploader, move the loader controM^ver forward or backward aa required Until/ 
indicator rod on the tilt cylinder (fi^ 4-33) pointy to the skid shovel position. Then 
the clam-openlng lever to full^close the bucket Lower thb bucket until It cornea th c 
tact with the ground. As^the tractor move/7orwa^d you can control the depth of cut b 
niovlng the loader contrpl lever to the right or left. When the tucket la filled, tilt It 
back, lift the load flllghtly, and semi-skid on the skid Ahoes. ^ The bucket should be^ 
tilted all the way back when transporting a load. 
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Fig^ 4-33. Tilt cylinder in ikid ghovel potifion. 



The' bucket fnay be dumped by either of two methods. Firet> fhe conventional forward 
skid shovel dumping action, and aecoiid, the bottom dumping action of the 4-in-l bucket. 
Moving the loader control lever to the right will forward dump the load. To bottom dump 
the load, position. the^floor of the buckett horizontal with the ground |^nd thfnVise the clam- 
opening lever to open the clam.. When you, are loading truck« make sure the bucket does 
not strike the side of the truck, and allow enough room for the dumping action of the bucket. 
After you have dumped th* lofcd, raise tfnd/or tilt the bucket eo that it will not strike the 
sides of the truck as you reverse the tractor. / . 

f ' \ 

Scraper r As a scraperr, the loader * 
is capable of stripping, to a care- 
fully controlled depth, a layer of 
topsoil or other mi^terial from the 
.ground. It may also be used for 
leveling rough ground in this posi- 
tion. Use the loader control lever 
to position the indicator ^rod at the 
scraper position. Also move the 
clam- opening lev^r to the right for 
the deiired cut. Th^ clam- opening 
indicator^ o|> the right rear of the 
4-itt-l (fig 34) indicates the exact 
cut that wai be'f>btained« When 
moving forward, the moldboard 
cutting edge will enter.the ground 
until the compaction platf gp(iakes : 
contact, thus giving a cut to the 
deptl? indicated on the plate on the 
r^ar of the moldboard (fig ,4*34). ^ ' 




Fig 4-34. Clam-opening indicator. 
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(3) BMUdoy^fer. As a bulldozer, 'the loader is o.apable of movin]g, smoothing, and spreading 
lat^ge volumea of dirt for a short diafjEitco, Use the loader control lever to move the 
lll4icator rod on the tilt cylinder lo thfeimlldozQr position and use the clam-opening, 
lever to open thet bucket completely. Lower the bucket until the left-arm shoes are on 
* the ground. You can regulate the depth of cut by moving the loader control lever to the 
right or left while yqu are, moving forWard. 

CIftn>Bhell . Clamshell operation of the loader is especially effl^clent for handling stock- 
piles of loose n^alerial or for handling 8|icky^^ohesive materials. Position the intJicator 
rod on the lilt cylinder at the clamshefl positick and dpen the bucket completely. • To 
pick up objects or load as a clam8hell, pull both levers to the left, ThiB will close 
the c!ttm andj'oll the bucket simultaneously.' Wlien stockpiling^ lower t^ie fully opene<) 
bucket" onto fne pile by using the float position of the loader control lever. 

4-8. TRACTOn AND DOZER .SAt^ETY I^RECAUTIONS 



Qei>er>U Each item of equipment has specif io safety precautions listed in the^ttfchnleal 
manUal and/or operator's manual. In adtlition« every ori^aniration in the 'Ma^in^ Corps has^ • 
safety rules and regulations which you are required to know. Sftfety depends on you. Know artd 
pi*actice the pafety rules and regulations for your particular piece of equipment. Safety is pri- 
marily commonsense, and the best rule when operating equipment Is: WHEN IN DOUBT,' SLOW 
DdWN.- ■ . ' ^ 

b. Precautions^ . ^ 



(1) Kefep your equipment clean. Wipe up excels grease and oil. Tools should t^e kept clean' 
and In their prpper places. , " . \ 




(2) ^ Shut down the engine when refueling the tVactor. Keep the funnel or hose noyzle'^^in con- 

tact with the metal rim of the fuel tank. Th^s will provide a ground as a safeguard againstt 
static electricity. ^ 

^ . i ^ . X 

(3) When dismounting from or securing your dozer, rest the blade on the groupd, place the 

- t^^ansmisslo'n irx neutral, and engag^ihe tractor master clutch. The 82- and the Case 
MC 1150 scooploader require that the attachments he grounded, the cont/ols placed in >r 
n^tral, ^nd the brakes er^aged. . ^ ' ^ , 



(4) "^ If the tractor ia parked on a slope, lock the steering brakes. . " , - 

(5) Do not attempt to perform feny unnecessary repairfe, adjustments, or preventive main- 
tenance serviceo wit^ the engine running. If the engine my at be running, make a*pre- 

-limlnary adjustment with the engine stopped, then the final a^ju8t];pent. If dt all pos- 
sible have one man that \\%b been instructed on how to stop the engine 8t6X)d by while 
making an adjustment with the engine running, 

(6) Slow .down when traveling over rovigl> terrain or obstacles. ' High-speed is haVd dn the 
^ equipment ar\d the operator. ' - . * \ 

(7) Sit- -do not stand--*when operating. iy . * " * 

(8) When ope^-ating at night, in congested areas, or close to buihdings, have a^signal man 
on .the ground to direct you. ^ -^z ; - ' 

* ^ ^ . . t 

(9) Watc^ your terrain closely. If you have* any doubts about it. stop, tUsnriount from the 
tractor, ipdd go ahead on foot. Don*t go-over the crest of a hill bJLipdly. '* 

(10) Whfn removing trees, check for dead limbs before you etar,t|o work. Be especially 
careful when felling dead trees. ^ 



(1 1) -When towing another piece of equiprfieijt with a tow cable or chain, take up the slaclc ; 
, alowfy.' Sudden'jerks cause unnecessary stifain on equipment and may -break the chair 
^ w cable. ; ^ ' ^ ^ . V ^ 

(12) When to^j^ing equipment such as tiompressors, trailers, and sx^rapers, you rptist be 
especially carefUl when making turns. It is posi^ible tp turn so sharply that th6 ipwfed 

^ vehicle cannot CpUow. When thisliappens the tongue of the tovired vehicle may be bent 

or broken^. ' ' ' ^ ' ♦ * 



(13) 



(14) 



If maintenance must be performed on the dozer blade while \t is raised In the air the 
blade must be blocked up to keep it from accidentally falling.i . . - 



Do not operate too near the edge of a fill; the edge may give way. overturning the 
machirie. When pushing earth over a steep embankment, raise yqur blaide and kwep a 
large pile of earth at the. brink. This will serve as a guide and help keep the dozer 
from dropping" suddenly. i 



Section n. TRACTOP-DRAl^ EQUIPMEI^T 



4-9. SCRAPERS 



The scraper is one of the largest earth moving, machines.'' Scrapers are capable .of digging 
loading, hauling, dumping, and spreading large amounts of material, fhey are part^oularly • ' 
useful on large earthnioving Jobs, such as airfield construction and ro«td projects r^cated in • 
rolling terrain contafnlAg nr^ny cuts and ijlls. They make shallow, cuts while loading, transport 
large loads for considerable distances at r^tively high speeds, and spread material in^hin 

/ Crawler-tractor-drawn scrapew should be used on hauls between 300 and 

1. 500 feet Rubber-tired-tractor-drawn and motorized icrapers are more efficient for distance 
between 900 to 5. 000 feet because of their speedXWea^^r ccJnsoUdated, soils may require the 
use of tract()r-drawn rooters and of pusher tractors toi;^lst in obtaining rnkxlmum loads 
particularly, when scrapers are drawn by rubber-tired tjfctors, 

Scrapef mechanism. The Marine Corps uses several ipodels of scrapers; however the 
scraper mechanism is basically the same. The iA<ivable part* bf the mechanisfti are the b^wl | 
the apron, and the ejector plate (tailgate). ' ^ ^ , 

(1) Bowl. The raising a*id lowering of the scraper body or bowl is controlled by hydraulic 
cylinders. , ^ 

ffe) Apron and ejector. The apron and ejector are controlled by the hydraulic components. 
When material is being dumped the apron rises first. Whep the apron reaches top posi- 
tion, the ejector plate starts to move forward. Return springs are used to assist in re- 
turning the ejector plate to its rear position, after which the aprqn will returii to its 
closed pofiition (fig 4-35). • 
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Fig 4-35. Towed flcraper. 
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• ^3) Cutting edge. The leading edge of the bowl la equipped with revei'si\^le, replaceable 
, ^ cutting edges (fig 4-38). The center portion (stinger bit) extends lowtr than the end 
( aectlons. This aids injoading the material into the center of the scraper. The two 
outer sect^ons are Vnown as end sections. The leading edge of the bp^;^l is also equipped 
with routing bits whith ass^it in controlling scraper cut?. All cutting edges should 
be reversed oi' replaced before they, are worn down to the bowl frame. 
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Fig* 4-36. Scrfl{)er wilh apron open. 



b. Maintenance . The'operator 's manual or TM will give complete instructions for a par- 
ticular model scraper. It wlll^lve lubricating, operating, servicing, adjusting, inspecting, 
and maintaining Instructions. It will also give any spex:lal procedures that shoultTbe followed 
when connecting the scraper to a traqtor. 



(1) 



(2) 



t (3) 



'Inspection ^ Before attempting* to attach a tractor to a scraper^ examine it carei|||ly 
for loose, broken, misalined, or worn parts. Be sure the hydraulic components are 
in operating condition. It is often easier to replace theae items before complete fail- 
ure. Remember, the hydraulic scrapers do not have the facilities to lift the drawbar; 
you willjtie^d to block it up. Back the prime mover (tractor) cldiie to, and in line with, 
the scraper drawbar and Insert the drawbar pin whet> the holes are lined up. The 
hydraulic hoses and weight transfer cylirider are connected after the tractor and 
scraper are connected. Be sure the correct lines are connected and that the connections 
are tight. Although the connections are protected, the joints shoMd be inspected and 
cleaned if neqessar^ before making the connection. vAny dirt at the connection will 
cause a ^eak and/or enter the hydraulic system to cause internal damage. Walk ^ 
around and inspect the equipment before moving it. 

( ^ . • ^ • ' 

Lub ricating . The scraper should be lubricated at the stime time the prime mov/^r is 

serviced. The majority of moving parts are lubricated every 10 working hours. Check 

the lubrication guide for your particular piece of equipment. 

Tire service. Correct tire inflation is essential to obtain. maximum tire service life. 
^Underinflation causes uneven wear^ sidewall radical cracks, ply separation, and loose 
or broken co^ds inside the tiye, Overinflation causes high cord stress, which iiytvirn 
reduces reptstance to impact blowouts and increases the danger of rock cuttlag: Air 
pressure should be checked during a prestarting check. Do not check or blfted the air 
from hot tildes to reduce thfe pressure to that prescribed in the manua}. ll yUi do so, the 
air pressure will drop to dangerous underinfltttion when the tires cool art the end of the 
day. The tire pressure must be equal in all tires, or the scraper will* not ctjit evenly.* 



Sc rape "tjei-at loii. 



(1) |SL^e n o perntln(^ c ycle . The major steps/in a usual .sc apcr o,,erating cycl<- are a<i 



follows: 1. loading in the cTinnn^irea which nee'tls to .be 
cut); 2, hauling the load to the fill (an arch which iw'^^u^o 



lit /Llown to gi-ndc is cnllk'd a' 
be brouglu up to graflc Iti 



criUeda fill); 3. unloading and spreading the load in the nil; and 4, retunung to the out. 

(2) Bnter the cut with tl,e ejector plate to the rear Ind the apron raised 4 to H ' 

nches above the cuttin/edge. This will leave an opening: large enough for the material 
to enter without piling up in'W of the apron, while kee.ring The apron low enough to 
rotain the material in the..b?,wl. If material starts to ,bilo up. open the apron wutr 



The natur.e of the material being loaded and the condition of the loadmc area 



Will delermine which gear should be used during the loading operation, l.^or iVht loose 
material, you can use a relatively high gear; for heavy, compact material you will 
have to use a lower one. Lower the cutting edge into the ground gradually/to insure a 
smooth, reguJur cut. A cut of 2 to 4 inches is normal. Hnise the bowl slightly.-us 
the rear scraper wheels enter the cut zone ta maintain an even cut (fig 4-3p 



c 





Fig 4-37. Partly loaded scraper 



Fig 4-38, Vul\y loaded scraper 



As the scraper moves forward, the Atting cdg<>^dll dig into the material and force 
It up into thl^ scraper bowl. As the bowl fills, the material will pile up first\iirainst 
the ejJl^r plate (fig 4-38). and finally against the back of the apron. When the bowl 
is frlll^o capicity, place the ej^ptor power control unit lever in the- 'free*' m>silion- 
this will allow the weight of the material to gradOally close the apron as the scraper ' 
bowl IS raised. Raise the bowl 1 to 2 inches above the surface of the ground while eon- 
, tinuingf the forjvard moti6n of the scraper. ^This proc\.dure will spread any loose ma^ 
terial piled in front of the bowl, and thus leave a smodth. uniform grkde for entry to or 
exit from the cut. . ' , 



Note: Maintaining a moderate crown in the cut will permit the scraper to work near- 
er to the side or edge without sliding awa^^^i^om it. If possible, cuts should be planned 
and worked so that they provide-natural drainage. | 

(a) Wet materia l. Wh6n loading wet, sticky ni a terial where traction isbAd, bcstre- ^ 
suits will be obtained by taking a thin cut. Keep the apron as low possible to 

i prevent material from backing up in front. 

(b) Sand and gravel N Loose sand is difficult to load because the material has a tend- 
ency to float aHead of the blade instead of entering the bowl (fig 4-39)» Thip tend- 
ency may be overcome by a procedure called "pumping. " Pt^mping is done by ,^ 
raising the apron about 3 feet and lowering the bowl while traveling in a high gear, 
thus taking advantage of momentum. Load until the engine lugs down. At thi# point 
sand will be pushed up in a pile ahead of the blaJe. Shift into low gear, lower the 

p apron into the pile of sand and continue loading. Tlie bowl is alternately raised and 
lowered, allowing enginp rpm's Jto pick up as needed to maintain forward movement 
(fig 4-39). .The operation i^ repeated until the scraper is loaded, travel is handled 
in a similar manner. However, at times it may be difficult to clo6^ the apron. If 
this should happen, back the scraper a few inches, lowr the aprqn, and raise the 
bowl. ^ 
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Scrapei\looding sand with pvimpiiijf 



(c) R<icks and strfmpg . Figure 4-40 illustrates the method of bringing a scraper blade 
against a rock or stump which is too large to be passed over by the primo mover. 
To unload a rock or^stump, stop the scraper, raise the apron, and pull the ejector 
plate forward. After the object has fallen out, turn the prime mover and back up so 
you can pull away without contacting^the object with tlie scraper. 





WHEN FRONT Of Y^^ACjhtt iS Al MOST 

ON eouLOci^. swiiid Wact^r sharp 

TO Slot AT Rt^GHT A^^tfl.CS. 



HEAD TRACTOR TOR BOULOCR. 





THPt^ STRAICHTCN AND MOVE ALONG - 
SIDf noutDtR . 



^HEN SCRArCR WNCCLS PASS OBJECT 
iWlNG TRACTOR AT SHARP ANGLE IN 
FRONT OF'POULOER- 



TNCN STRAIGHTEN TRACTOR QtMCKLY. 
SCRAPER WHEELS **^LL ALSO STRAIGHTEN 
AND STRADDLE BOULOER WHICH WILL BE 
BEIWEEN WHEELS ANO BLAOE. OROP 
BLADE, LOAO DIRT WITH BOULOER. 



Fig 4-40. Scraper loading boulder. 



(d) gideliill cuts. The best way to start a sidehKl cut for a scraper is to use a bull- ' 
dozer as described previously. Il^^ou do Hof have a bulldozer, you can start a 
sidehill cut as illustrated in figure 4-4t. Raise the apron 6 or 8 inches and climb 
the slope at right angles to the line-of-slope stakes.^ When the front end of the prime 
mover Is within a few inches of the stakes, swing the prime mo^el* around.parallel 
with the-line of stakes, while at^^he same time lowering the blade into the ground. The 
scraper will follow the prime mover through the turn and, as it does, the blade will 
cut mto the hillside. To get a level bench suitable for starting the lengthwise cut, 
it may be necessary to make several passes in this manner. Use caution when 
working on. slopes; it is possible to turn the tractor and scraper over or have them 
slide down the hill sideways. 
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^ Fig ,4 -41. Opening sidehlU with Bcraperv' 

(e) Side slopin g. ^-Figure 4-42 shows.a method of side alopin^ with a scraper. .The (ise 
of thid Vnethod of side sloping will enable the scx^aper to maintain tho correct slope 



^atio. 




<> 1 .... WOUK IN VV^VIRI AC«OII ARIA TO ftl SLOf ID 

' 2 voftH fiwi To^ Of M-ori oow • 

J ..w AfTII IACHLaVII UCUT. ITAITIrtlT CUT AOaIMIT % 
ILO^I, ALLOVtM BLAOI TO CUT TO MADI 

4 • • • . tTf^S WILL NIMAM TO 11 PIMNHID IT OTHIR UITHODI 

« 01 loormHT ^ . " 

Fig 4-42, Side sloping with a scraper. - . - ^ 

(f) Downhill loadiniL Downhill loading uses the force^f gravity on the tractor/ scraper^ 
iS^-rf^arger loads in less time. This method should be used in a cut when- 
ever possible. / - • . ^ 

(g) straddle W ding. When it is necessary to load on the level as In 

" stripping. TH^dle loading (fig 4-43) is used to iucrease yardage hauled, rhis 
method gains yardage every third trip, because the center strip loads with less 
"esistancelo Lprove performance. Maximufn efficiency is obtained when down- 
hill loading and straddle loading are combined. 




1 AND 3 KAVINO Ct 
J ONt HAir UADf wioyh 



Fig 4-4I3. straddle loading with scraper-; ■ 

(h) Loading with th.. help o f a pusher dozer . pusher dozef ifl one of the best methods ■ 
^^^^~:M;^r.. Average l oa ding time is from 1 to 1 1/2 -minutes, depending 



of increasing production. Average loading 
I. 
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(3) 



on theViae of the scraper. A pusher, when one is available, will enable you to load 
wijthin>(his avei*agenime limit and will prov\de hoaped loads. The pusher dozer - 
operator is the guide and spotter for (hb loading units. To keep the pusher dA.er in ^ 
continuous operation, each sofaper mus<i>e near the ^do?:er ^hen the- dozer is roady 
to push. The scraper operator determines this ppsition by lo^jking at the cut and ai 
the p(receding|8cra|>er loaded by the pusher. Close coordination iq required 

^ between the (Jj^zer operator and the scraper operator to reddce damage to the pusk. 
blocks an^ tires. The pusher should continue to push the scraper until the scraper 
bowl is raised clear of the ground and^he scraper Is shifted into high gear for hauling. 
The pusher tractor may be equipped with a standard push "block or a dozer blade. 
When pushing with a hy^iraulically controlled dozer, you shouid place the cQtitrol 
in the float'position after the pusher contacts the scraper push block. 

Hauling.- -The closer the bowl o4a traveling, loaded scraper is to the ground, the more 
sipble it will be and the les's-daViger of its turning over. You should therefore travel 
\pth the bowl as, close as possible to the ground, but high enough to clear any protrud- 
ing-objects on the haul road. Travel to the fill with the prime mover in the highest 
gea^r possible without the engine lugging down. Haul roads sl>ould be as smooth as 
possible to eliminate vibration^ shock, and wear on both op^ators and machines. 
Haul road« should be wide enough for 2-way traffic or a l^wky loop road with frequent 
turnouts to permit the faster moving units lo pass the slower ones. All unnecessary 
turns should be elilninated. Figures 4-44 through 4-46 iUi^Strate methods of eliminating 
unjiecessary turns and increasing production. 




Fig 4*44. Scrapers working from a single cut in two directions to eliminate 
.ex,tra time consumed in turning. 




Fig 4-?5, Scrapers working two cuts with a common fill between them 
eliminates a turn on the Kill. . - . 
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PMg 4-46. Scrapers opening a series of cuts alternating with fills. This eliminates 
' tu^n8 and saves time. ^ 

1 .• ' ^ 

(4) Unloadin g and spreading. ^ ^ 

(a) Normal. As you enter \he fill, raise or lower the bowl to the desireJl thickness 
of spread. Thickness of spread should not exceed 9 inches. UnloePd and spread 
at the highest possible speed consistent with the smootlv*ejectlon and flow of the 
material. tl 

* ' - I ^ 

1, -First, raise the apron to maximum height and allow the material in it to fall out^ 

" When'most of this material has been spread, bring the ejector plate forward 

gradually", about a foot at a time, forcing more material out of the bowl. Do not 

force the material out too rapidly; if you do, you will place too heavy a strain on 

* the cable. Thig may cause the earth to pile up ahead of the scraper, causing the 

engine on the prime mover to lug down.' 

5, If you are starting a new spread, lower the bowl slightly. as the r^ar ^eelSy^of the 
*^ 'scraper rise on the newly spread material. This will prevent the layer from 
thickening. 

.If' material sticks to the ejector plate it can be dislodged by allowing the ejector 
plate to return about ^ foot and then bringing the plate forward sharply. As the 
materiaAeaves the bowl it will be spread to the desired thickness by the bottom 
of the bowL When the bowl has been emptied, return the ejector plate to its 
rearmost position, lower the apron, and raise the bowl to the required height 
for return to the cut. NEVER travel over rpugh surfaces or make sharp turns with 
the ejector plate all the way forwiVd. With the plate in this position the ejector 
cable has no "give*^ and it will break If the scraper takes a bounce or a sharp 
turn on the haul road, ♦ 



(b) 



Stick y materiai. The best way to ejeot wet, sticky material is to bring the ejector 
plate forward a foot at a time and retract it 6 inch^ after each foot of advance. Do 
' not force the material out too fast; If you do. It will ball up and you may break the 
> cable. jy- 

/ " I • ■ 

(c)" Grading. Finishing can be done with th^scraper, partlcMarly when low spots 
require material to*be hauled in, or wheA excess material is to be cut. Finish- 
ing is jisually done in low gear because flster «>eeds make it difficult to conjrol 
the bale for a sm6oth finish. Raise the apron all the way up and th6n pull the 
ejector plate three-quarters forward and leave it in that ^Dosition. When these 
adjustments are set, the operator's only job is to control the blade accurately. _ 
AsJ^he work nears completion, finishing is done at a higher rate of speed, because 
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th^ area is smobther. Fine grading or **drag down" is p^rfornVeid with the ejeiHor 
plate all the way forward and the blade set flush with the ground. 



(d) Fill t^chpiquear Figure 4-47 illustrates the proper t 
.^with a scraper, ^Keep the shouldergL (outside edges) 
center; this prevent'^ the dcraper from sliding ov«r^ 
close to the edge^ and* also helps to maintain the 
fill is built up. Th^^forrect procedur^'for d^h^pi 
the fill uptil you apprjoach the area where yo\|i desire to 

. 1 'Ji J^.x I- 'i^* r 




aique^fojp^biftlcljing a fill 
higher thaji the ■ 
when dumping 
iope dngle as the 
Vavel in the center of ^ 
p; theli Swing the 

tractor and scraper diagonally dlit onto the shqulder of the fill. SwJ\ig the tractoj^ 
parallel to the «dge pf the fill and begin to dump the scraper, Tl^s^ill cause the; 
Material tp be ft[5read high on the outside and low dl^ the inside^of^t^e till. This 
procedure is effective In mali;^aining both the correct eoncavQ (4o^Un the oenter) 
crosfl-sectionafl area of a, fill and In maintaining th^ convex (high i^n the center) 
cross-sectional area of a through cul. When the shoulders ICAve be^h brought up to 
the prescribed grade elevation, the center c^n be quickly fjllcd in ju^t before final 
leveling and finishing. Before closing down the job for any ^ubstantia^i^ej^iod, fill 
fn the low center to provide adequate drainage ii) the event of rain. 




RIGHT WAY 
TO MAINTAIN FILL SLOPE 

« 

1 . Mnke fill high on the outside 

2. This prevents scraper ftmn 
sliding over slope j 

3, Accurate slopes can thus be 
maintained to desired heights 
eliminating necessity for handwork 

4, If wet condition prevail3, arrange 
for drainage to prevent water pooling 
in denter of fill 



WRONG WAY 
RESULT OF INCORRECT METHOD 

1, draper will slide over side of fill 

2, Damage^^ slope will be caused 

3, Impossible to maintain accurate degree 
of slope. Will have tendency to work away 
from edge of fill 



Fig 4-47, Method of spreading to maintain fill slope^. 

/ 

d. ( Scraper safety. Standard safety precautions for scrapers are as follows: 

V ' ' ' ^ • ^ 

(1) Dorj't drive faster .than is safe and reasonable under exf)3tipg job conditions. 

(2) Drive off a shoulder at slow speed. On some machines, the sudden dropping of one 
wheercauses a violent tilt; this might throw you off the machines or against a wheel 
or lever and Injure you seriously. • v ' . ^ 

(3) Always block up the bowl and apron when replacing the blades or when doing any type 
of maintenance work that requires a man to be exposed to the hazards of,a falling 
apron or bowi. ^ " * 



(4) Keep the^operating platform of the scraper clear of debris, greas«, oil, and mud. 
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(5) 



r 



Never kick your prime mover out of gear when going downl¥ill; the increase in speed 
will make control very dlfflcillt, L^ave the machii\e in gear and •use your brakes to 
control 8pe€^d. If ^he brakes fail to hold the load, lower and drag the scraper bowK 



(6) Always set the bowl of the scraper on the ground when the machine is not in operation. 



.4-10. ROOTER . . ' , , f 

a. Introduction, xlie rooter, often called the ripper, is used to break up material which Is 
too Compact to be brokei'f^by dozers, scraperSj and graders, to uproot boulders and stumps; and 
to cut the roots of trees w^ich are to be. dozed down. The Mai^ine Corps has one type of 
rooter, which in a rear-mounted attachment (fig 4-48). The mounted-type ripper fjtjr the 
82-301^1 crawler-tractbr is'hydraulically controlled, J^ubrication, ^nspection, service, and 
maintenance of the ripper Is covered in the TM fpr the specific item or the tractor TM. The 
rooter attachment is normally equipped with three teeth, which are re^novable. 



\ 
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Fig 4-48, Side view of rear-mounted-ripper crawler-tractor attachment, 

b. Employment techniques . The roofer is always used at its maximum penetrating depth » ^ 
to reduce the strain on the frame and the hydraulic system. Lower the teeth to the ground 
gradually. After they penetrate^ they will pul^ themselvee^nto the ground to the maximum 
depth. 



^ (1) Avoid rootiiig too much. Material which is too fine is often harder tq,load than coarser 
material. One or two passes in each 10-foot width will hk sufficient.* ' 



<2) Never make a turn or back up except to free the teeth Sith the teeth in the ground. This 
may bretk the teeth. * * 

{3) In most cases^ teeth should be balanced. If you are using only a single tooth, it shoul^ 
be the center one; if you are using two teeth, they should be the two outer ones. ^ 
However*, when constructing a side ditch, install one tooth in the outside bracket and 
work carefully to.ifvoid ripping too much. * 
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% (4> When starting to rip, start next to the slope line and work toward the center. This 

i will keep the cu^Jow on the sides and crowned in the center. 

(5) When breaking concrete^ dig the teeth of the rooter iind^r the concrete slab and then 
lift to obtain a breaking action. Do not use the rooter to break reinforced concryete; 
nor to break concrete slabs more than 6 inches thick. To do so wilLcanse excessive 
^ear or strain on the control systeiins. 

(6) When rooted material is to be loaded in scrapers, the footer work in a given aroa is 
completed before scrapers begin loading. 

(7) When cutting roots around trees, use two or three teeth and cut the roots on all fn^jr 
sides of the tree. 

r 

■ , to -■ 

4-11. ROLLERS 

Rollers are used for compaction of different tyi^es of materials. Each roller compacts 
different soils at different depths, speeds, and bearing prcrssures. Three types of towed 
rollers that you will come in contact yfit\\ are the sheepsfoot roller, and the grid roller, and the 
13-wheel rubber-tired (wobbte-whe^el) roller. Towing ai roller is a monotonous but extremely 
important and necessary job. The effectiveness of a road or airfield depends on the load it will 
/- carry. This loading-carrying ability depends on the lokd ^bearing capacity of the snbgrade and 
baae-course material, which is determined to a great extent by the degree of compaction attained 
during construction. 

V* 

a. Sheepsfoot roller. Sheepsfoot rollers (fig 1-11) are best used for compacting soils other 
than sand, gravel, or crushed rock. They are efficient on most Ijase-course materials contairf- 
ing sufficient soil binder. The sheepsfoot roller consists of a drawbar and a box frame, within*^ 
which two hollow drums with protruding feet are mounted. The drums may be filled with water, 
,fuel oil, used oil, or sand for additional weight. When water is used in cold climates, anti^ 
frees^e must be added to preveBt freezing and cracking of the drums. The roller can be towed 

by eifher crawler or wheeled tractors. ' . n , , — 

(1) The length of the feet limits to 9 inches the depth of the layers of loose material to be 
compactedi The sheepsfoot differs from other types of rollers because it compacts 
from the b()ttom up. As* a' material is compa.cted, the feet will not penetrate as far, and 

u will gradually* '*walk'* tJlfteneelT^es out of the ground. The shetypsfoot roller will not 

compact the upper 2, incKi^^|x>f material due to the /rregular pattern of the^eet.s 

(2) Maintenance of a roller is relatively simple. Generally there will be a Itlbrication 
fitting on the tongue, two fittings on both front and rear of the frame, and a fitting for- 
*ach roller drum bearing (two per drum). The technical manual will give you detailed 
lubrication instructions, Oo^he^ear qf the roller is a cleaning rake' which should be 
inspected daily and from which any debris should be removed. When turning, you 

should take care to prevent the roller tongue from hitting the do7,er trades. 

t 

b. The^rid roller. The grid roller is an all-purpose, self-cleaning compactor, particu- 
larly effective in ciay or sticky materials, smce if does not tend to ttirow material even at hi^M 
operation speieds. It is also effective i"n the compaction of shale, sandstone, soft limestone, ccwr^- 
al, caliche, and cinders because df the cutting and breaking action of the Open face grids. This 
roller can be towed by either a tracked or wheeled tractor. Maintenance on the grid roller is * 
very similar to that on the sheepsfoot roller. 
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c. 13 -wheel ru bber-tired roller^ A rubber-tired roller (fig 1-12) consists of a 3t(»el box 
(for ballast) mounted on rUbber-tired wheels. There are seven wheels at the rear and six in 
front, so arranged that the rear wheels do not trAck thejront wheels. It is also callc*! ^ / 
"wobble- wheel'* roller becauee the wheels do not run true tut wobble from side to siofo.^ThiR 
provides a kneading action w^\ich increases the compaction of granular material' such as 
crushed stone. This roller is usually towed by a wheeled tractor. 

(1) The wobblp-wheel roller is the best roller to use when compacting sand-clay-gravcl 
courses apt! layers of soft crushed rock, limerock, shell, and coral where lateral 
movement Is ijeeded to adjust and pa,ck the particles. It is also effective in compacting 
,thin layers of loose soil, particularly that left on top of an embankment by the sheeps- 
foot roUer, 

(2) Lubrication fittings will be found on each wheel.' Tire' pressure should be'cticckcd 
daily to^insure equal depths of compaction and prevent equipment breakdown. The 

^ tii^s on this roller do not have tread like automotive tire^;. ' 

j^oller employment. The job foreman will make decisions concerning the time when 
rtlling shall b^in, the methods to be applied, and the number of passes to be made. However, 
y6u should know something about the main considerations whiclx guide some of these decisions, 
/sjhe following operational techniques are those which are customarily applied under ordinary 
JiBircumstances,' ' ' 

Depth o f flbose material. The depth that loose material can v>e compacted effectively 
,by rollers of different types in a given number of pas^esj is usuallydetermined in tHe 
field'by tests. The following Inforniation is intended to serve as a general guide only. 
^ * For a sheepsfoot I'oller, the depth of loose material should not Exceed 9*inches. Six to 
twelve passes are usually required to obtain adequate compaction in soil which is • 
neither too wert nor too dry. Wh^n the number of passes is not specified, the usual 
practice is to repeat passes'until the feet have "walked" themselves almost entirely 
out of the ground; For 13-wheel rubber- tirecl rollers the depth of loose material should 
not exceed 4 inches and the depth of bituminous material should not exceed 3 inches. 

f2) Numkber of pa38es,_ The nuftiber of passes required for a given roller to compact a 
given type of soil effective^ is also 'determined in the field by tests. The fallowing 
information is intended to serve as a general guide only. For soil with qptimum moi::- 
ture content (neither too wet nor too dry), a sheepsfoot roller' should compact a 9-incfc 
layer of soil to 95% compaction in from 10\to 12 jesses. Percent compaction is'the 
percent of modified denl&ity according to a scale devised by the American Association 
of Highway Officials. Specifications generally stipulate a certain percentage of com- 
paction in accordance with this scale. In soil of optimum moisture content, a 13- 
wheel, 10-ton, rubber-tired roller should compact a 4-inch layer of loose soil to 
95% compaction in*2 to 4 pai^ftes. It should compact a 3-lnch layer of cold-laid bitu- 
minous mix in from 3 to 5 parses. 

\i3) Overlapping. To insure thorough coverage of a rolled surface,, each pass should over- 
lap the preceding pass by at least 1 foot^ For deep, loose fill material, tlie overl»f] 
should be wider. \ • " 

(4) Crowns anibanked turns. In compacting crowned surfaces or banked turns on a road, 
work up the slope. For example, on a crowned road subgrade, make the first pass 
along the shoulder^ then work up to the centerlipe in successive passes. Then pull out 
to the shoulder on the other side and work up to the centerline again. On a banked turn, 
start on the low shoulder and work up to the higher one. 

(5) Turning. Rollers should not turn on a compacted surftice unless absolutely necessary, 
and then as slowly and aa^ gradually afl f)osstble^. 
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' ^ fW.INi:i-:it EQUIPMENT OPKRAl^OK * 

Tractors cind TrdCtoi*^ Drnwn lOqLUpjviCMit 
STUDY ASSIGNMENT: MCT 13. 31 h, Igri^inccr l^quipmcnt Operator, chap 4. 

LESSON OBJECTIVE: Upbri successful completion of thl^ lesson, you will bo able to identify" 

by general homciiclaturc, crawlex^- tractors, rul^X-^^'^i^'^'^J tractors, and 
^^r' tratrtor-drnwn ectulpnicnt. siicb as the scraper, rooter, sbeepsfoot roller, 
and pneumatic-tired roller. You will be able to identify the employment • 
techniques, stifety precautions, and metliods of o|Jcratim[r major accessories. 
^ such as the bujldozcr, angledo'/.er, shear blade, and th^ Di'ott 4-in-l 



atiochment. 



V 



r 



WHFTTEN ASSIGNMENT: fEn 

A» 'Multiple Choice: Select the ONE answer* which BEST coniple'tes the statemenf or answers 
the question. After tlie corrcspor^dlnf^ number ot\ the answer sheet, blacken tlie appropriate 
box. ^ 

Value: 'l point eaC^h 

1, On the Terex tractor, when the decelerator* pedal i.s rcl,(Nased, what, if* jliything, happens 
to the engine speed? 

a. It speeds up to the throttle setting. 

b. It cuts off, * • 

c. It slows the engine speed to an idle. * /T^^>^ 

d. Nothing, the thi-ottle must, also be relensed. 

t 

- 2. After the engine is started, which indicator should be checked first? 

a. Ammeter c. Heat indicator,,,^^^ 

b. Fuel-oil pressure indicator d, I'^ngine oll^ressuT>e indicator 

3. What is the important point to remember when stopping the engine of a crawler-tractor? 

a. Shut the master switch off to stop the engine. , 

*b. Cool the engine slowly. 

c. Run tha engine at half throttle for 5 minutes • 

d. Set the parking brake, 

4. Being able to turn its tracks opposite each other (on^ forward, one reversoHs a capability 
of which crawler-type vehicle? 

a. 2N crane c. 82-3CfiVl(Terex) 

b. Case MC ;l 1 50 scooploader , ' 

5. If the batteries are too low to turn the engine of the Case MC 1150 scooploader, ho\v> 
should you start it? ^ ' - . . 

a. Pull the tractor in low range. 

b. Pull the tractor in high range, « , 

c. Connect an external source of d^ electrical power to the slave receptacle, 

d. Pull thcf tractor in intermediate range, 

■ • . \ . . " % 
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Th^ Drott 4-in-l bucket is standard equipment on the 



a. Caefe MC 1150 
b/ Case MC 450 



c, MRS-100 

d. Terex 82-30M 



tractor. . 



When starting the Case Mc 450, the starter should NOT be^er^ted more^han 
seconds at^one time. ^ ' ' ' y 



a. 15 

b. 20 



c, 30^ 

d. 40 



Before stopping the jCase MC 450, the direction control lever and track speed control 
l^ver should be placed in ' " 

.a. 'high, 
b. neutral. 



C. low. 
d. second. 



The transmission oil gagfe on\the Case MC 450 tractor should read 
normal opef attor\. % 



psi during 



a, 225 to 280 

b, 190 to 200 



c. 150 to 170 

d. 100 to 140 



10. What are the four distinct methods of maneuvering the MRS-100^ 

a. Front w^eel, back wheel, articulated/ and c^jab steering 

b. ^Front wheel, back whfMl. cross controlling, and crab steering 

c. Obliqul. crab, cross controlling and articulated steering 

d. Oblique, crab, cross controlling, and front wheel steering 



11 If the formal shut-down procedur 

a. Put the blade down and ataU ^e 

b. Return the starter switch to off. 

c. Push the emergency shut-off hwML^ 

d. PuU the emergency shut-off handle 




o stop the MRS engine, what Avould be the next step? 



12. On the MRS-100, the three foremost levers on the first hydraulic Control bank control 
what parts of the scraper operation? » ' 

a. Scraper bowl, scraper apron, and weight transfer 

b. Scraper bowl, weight transfer*, and rear steering 

c. Scraper^pron, scraper ejector, and scraper bowl 

d. Scraper ejector, qcraper bowl, and weight transfer . ^ ^ 

1 3. What is the purpose of the weight-transfer device that is used on some ruhber-tired tractors? 

a. Transfers traction to the towed load. 

- b. Transfers a portion of the tractor weight to the front axle of the tractor. 

c. Transfers a portion of the towed load to the rear drive wheels of the tractor. 

d. Aids in the operation of the DDPCU. ^ ^ 

14. On the MC 580B tractor when the water temperature gage Indicator points to the amber 
zone, it indicates that the engine is 

a* running at'normal operating temperat%e. 

\ b. in need of oil. |fv ^ 

c# not warmed up to normal operatlng/temperature^ 

d. running at an excessive temperature. ^ . 
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15, pn the Case NIC 580B the power shuttle control lever controk the ' , 

a, movement of the tractor, ' - c, three point hitch."* 

* b, earth auger. ' d/ backhoe arid boom. 

le. To stop the Case MC 580B tractor, "you must. ^ ' 

> * 

a, disengage the 3 point hitch, c, press both brakes together, 

b. depress the accelerator, d. 'engage the speed control lev€fr% 

17, The shear blade (land-clearing^ blade) attachment is capable of cutting trefep up to ^ 
ft In diameter, 

a^, 3 . * c. 5 ^ 

^4 ^ d, 8 / 

I 

18, What is the bept piecfe of equipment to use for constructing sidehill roads? 

a, Tiltdozer ^ c, Angledozer 

b. Bulldozer d. Motor grad^er 

1.9, What blade position cannot be used on the bulldozer? \. 



/ 



< 



a. Tilted slightly c. Raised or lowered 

b. Tipped forward d. Angled * 

20, What Is the most economical hauling distance 'for a -dozer? 

/ • 

a. 25 to 30 ft ^ c^50 to 300 ft , ■ ' * 

b, 25 to 300 ft . ' ' d, . 300 to 500 ft 

21, When finishing side slopes by working diagonally, what method of operation should the operator 
use? • 

a* Start at the top and work diagonally down the slope, 

b. gtart at the top ^nd work parallel to the right of way. 

c. Start at th^ bottom and work diagonally up the slope, 

d. Start at the bottom and work straight up the slbpe, 

22, Which piece of equipment is the least suited for cutting a "V" type ditch? 

t, , 

a. Motor grader c, Angledozer 

b. Towed grader d. Bulldozer - " ' 

23, Crawler-tractor^ should not cross a culvert unless it is covered by at least inches 

of compacted material, 

a, 6 c. 18, - 

b, - d, 24 . 

24, ^fter cutting the roots on three sides of a large tree, from which side should the dozer ^ 

attempt to push the tree over? 



a. The q^ide on which the roots have not been cut 

b. The side opposite the uncut ro^^JS 

c. The side to which the -tree is leaning 

d. Any side of the tree 
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25. What are the four uses of the Drott i-bi-l attachment? 

a. Skid shovel, bulldozer, scraper, and clamshell 

b. Skid shovel, bulldozer, clamshell, and angledozor 

c. Skid shovel, clamshell, angledozer, and forkllft 

d. Skid shovel, clamshell, forkllft, and scraper 

26. What should an operator do before dismounting from a d07.er? ^ 

-n. Ground the blade, place the transmission in neutral, and disengage the master clutch. 

b. Ground the blade, place the transmission in gear, and engage the master clutch. 

c. Block the blade, place the transmission in neutral, and engage the master clutch. 

d. Ground the blade, place the transmissio/i in neutral, and engage the master 'clutch. 

27. Hubber-tlred, tractor-drawn scrapers art most efficient on hauls between 



a. -0 and 25 ft. ^c. 300 and 1, 500 ft. 

S b. ' 0 and 300 ft. , . d. 900 and 5, 000 ft. 

28. What Is the probable cause when tbq scraper is cutting unevenly? 

a. Dull cutting edges c. Unequal tire pressure 

b. Loose routing bits d. Incprrect cable reeving 

29. What is the usual operating cycle of the scraper? 

a. Loading, hauling, unloading, and returninpi . , 

b. leading, .hauling, unloading, spreading 

c. Loading, hauling, grading, returning 

d. Loading, hauling, unloading, loading 

30. How deep is a normal scraper cut' 

a. 1 to a in. -45 c. 4 to 6 in. 

b. 2 to 4 in. d. 4 to 8 in, 

3r. The term "pwniping" the scraper is generally used in what type of sqil? 

a. Clay c. Sand : . 

b. Organic , ' d. Peat j 

32. Material stuck to the scraper ejector plate can be dislodged by - ■ 



a. blocking the apron, and shqveling out the lodged material. < 

b. banging th6 sides of the bowL , • •/ ■ 

c. refilling with rock and sand. \ 

K d. allowing the ejector to return about c-^^foot, and then bringing the plate\forward sharply. 

\ 

33. What are the movable parts of a scraper? \ 

♦» 

a. Bowl, apron, and- ejector plate c. Apron, ejector platb and routing bit 

b. Bowl, apron, and routing bit V . d* Apron, cutting edgeji^nd ejector plate 

34. How is maximum loading efficiency obtained with the seraph? ^ / ' 

a» Sidehill ai^l i^traddle loading c. Uphill and stra^le loading 

b. ^ Downhill and slot loading d. Downhill and straddle loading 
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35. On the schapor, the 3tinger hit scrve^ what purpose? « 

^ . a. Aids \\\ side hill cuts. \^ 

b. Aids in keeping the material in the center A>f the scraper. . 

c. Aids in kiM^ping lh(? mattirials Into the sides of the scrapiM*. 

d. Aids in finish scraping. 

36. The rootor should he used at what penetrating depth? 

a. Minimum 

b. * Maximum f ' 

c. I3cpends ou terrain ' 

d. At whatever penetrating deplh^the tractor pulls best ^ 

37. Rooters should not be used to break concrete slabs that are thicker than Inches. 

a. 4 • c. 10 - ^ * 

b. 6 . ^ d. 12 

38. ..To avoid over rooting, make a pass^very feet in width. 

H. 10 . ^ . c. 20 ' 

b. 15 d. 22 , 

39. When^nolling a compacted area and it becofnes necessary to turn around, hoy should this b 
accomplished? 

a. Drive off the area, turn around. * 

b. I3o not turn* roll in reverse. 

c. Turn gradually and slowly. 

d. Turn only on th^ hard rurface, preferably the center. 

40. Who determines ^when and where the compact rolling will be accomplished? 

a. Coiumanding officer ^ . c. Equipment chief 

b. Equipment officer d. Job foreman ^ 

41. ftheepsfoot rollers are most effective in compacting what type of materials?- 

a. Gravel and sand c* Crushed rock and gravel 

b. Clay and sand , d. Fill dirt and clay 

42. The depth'^of loose material that- will be comp;/cted by a sheepsfoo^roUer should not ' 
exceed inches. \ 

a. 2 ' c. 9 - 

b. 4 - d. 12 

43. If you are using the wobbly wheeled roller on bituminous materials, the material ^polled 
should be how thick? 



a. 



Should not e\ce^d 3 in. c. 9 in. 



b. 5 in. d. 12 in. 



Total Points: 43 
( 

3^ 
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Chapter 5 

"mATKRIA LS-.II ANDKINC AN D SECTION ALIZED EQUU' MENT 
SecllonL INTHODUCTION 

5-1. GENERAL 

The Itclns of equipment cov«»red in this chapter hav^ many similar design characteristics. • 
The equipment includee the Case MCMOOO forkllft (fig 5-1); the sectlonall/.ed 3-ton l>ydraulic ^ ^ ^ 
Anthony.cranc (fig 5-2); and the model RKF-060. rough-terrain, forkllft truck (fig 5-3). . ihe 
vehicloa are all wheel-mounted ami aelf-propelled. The 3-ton hydraulic crane has rtie additional 
oapabUIty of being sectionallzed for transport by heUcopt«r or other small aircraft hav ng a lift 
capacity of approximately 6. 000 pounds. Similarities among theoe items of equlpmeht inchide 
the uso of a 2-cycle. 3-cylinder. series 71. Detroit diesel^engine as the powerplant; an AH son 
Torqmatic transmission; hydraulic power steering; 4-wheel drive; planetary, double -reduction 
axle groups; power brakes; and h^draullcally operated attachments. Another Uem of materlals- 
handll IB equipment Is the 72-31MP Terex tractor (fig 5-4). TJiis loader plvpts in the center for 
steer ng and Is equipped with the DroU 4-in-.l bucket as Is tl>^ Case MC 1-150 scooploader ^hich we 
discussed m chapter 4. The technical fnanu^l for a particular piece of equipment will provide 
vou with the detailed operation^nd maintenanc/ Information for that item. .Since many of the 
fnstrumen s and controls are sfmllar. as well as the starting, .topping, and operating procedures, 
they will be covered in general In the remainder of this section. The specific controls, opera- 
tion, and safety precautions for a particular machine will be covered in the res^,ctive sections. 

EXHAUST 
PIPt 




Fig 5-1. Case MC 4000 rough-terrain forl<lift. 
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INSTRUML'NTS AND CONTROI.S 

/ ^ 

n. E^nfginp instnimeiits nnd controls. The engines are o»quipped with many of tho same in- 
struincnta and controls as those ^.ircviuusly describee^ in detail in llie chapleM's on tractors. 
The instrun^cnta Uiclude: an cngino oil -pressure indicator, battery -gcH^rator' indicator 
(animet(M-), hoiw meter, fnel level ftaRc, and water-temperature gage, Controls include: an 
ignition switch, starter Inittf '*and tlirottle control, accelerator pedal, and the engine emej-- 
gency sluitoff lever. The e\ os are provifled with a"n ether capsule, cold -weather starting aid, 

o. Vehicle instruiuciUs -ind controls. 



(1) The v^hicles are provided with dashlights. s^i^^ice lights, and flood lights. Vehicle. ' 
indicators include a low air-pressure warning liglit which lights up when the air pres- 
sui*e drops below a prc^dctcrmincd level, Tlie ci'ane has an air-pi'essure 
indira^tor in addition to the warning liglil. Normal air pressure is 60 psi (pounds per . 
square incli) or higher. ' * - . . 

' N 

('/) 'I'wo tranlimissiou indicat^jrs are used. The first, a transmission oil-temperature in- ^ 
dicator. indicates the convt^rttM' oil "out" temperature, which should not exceed 298^ F. 
The second indicator is the transmission oil-pressure indicator, - After the engine jiike 
run at medium spe^rd for 2 oi- 3 minifies, tlie transmission oil pressure should not drAp 
below 1 00 psi, 
4 V * 

(3) The vehicles are steered with a conv<*ntional automotive steering wheel wliicH has a 
liorn button in the center* Conventional automotive brake pedals are used to apply the 
sei'vice bj-akes, Th^ vehicles may be equipped witli one brake pedal, or two pedals 
attached to a common shaft which pi-ovides braking action with either foot, A hd^nd 
lever is used to control the emergency or parking brake. 



(4) The tra^ismission speed and direction selectors are all sllglnly different, Hojvever, 
they all provide for a low. intenTiedTate, or high range in either a forward or reverse 
direction. The transmission is full power shifting Which makes it possible to upshift or 
downshift at wide-open oi' partial throttle. Shifting to and from all ranges must be done 
manually. Do not downshift from intermediate or high range to lo^^ange at speeds 
higher than the maximum rated low speed of the vehicle. Do not downshift from high 
range to intermediate range at speeds in excess of the .maximum rated intermediate 
speed of the vehicle. Downshifting at exc^issive speeds ;vill cause overspeeding of 
the engine. Never reverse direction when tht vehicle is in motion. Bring the vehicle 
to a halt and then shift. -1 ^ 

5-3. STARTING THE ENGINE ^ 

a. Normal starting, Always perform a visual check and the necessary maintenance services 
before operating the vehicle. Place transmission in neutral, engage parking brake lever and 
set all attachment control levers in the "hold" or neutral positions. v The vehicle Is now ready for 
starting. Turn on ignition switch. Open throttle nearly halfway/ then depress starter button 
until engine starts. Release starter button as soon* as engine starts and ease off oti the throttle 



as the engine warfns up. Never operate the*l8tarter continuously for more than 30 seconds. If the 
Vngine does not start in that time, wait at least 60 seconds before attempting to restWt. As 
soon as the engine starts, look at the engine oil-pressure indicator^JAf no oil pressure is shown after 



^15 seconds, stop the engine and check the lubricating system! CorWft any failures before restart- 
ing the engine, ^un the engine at parf throstle and no loj^d for about ^minutes, allo^ying the engine to 
warm up before moving the vehicle. During the wai-mup period, check the readings of the instrument 
panel indicators to see if the vehicle is operating correctly, Instxniment ireadings should be afl" 
follows: ' . . 
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(1) Engine oil-pressurc indicator, en a t:old engine is firtit slarlod, the heavy consis- 
tency of ihc cold oil may cause a sharp rise in the oil-pressure readhig. As the engine 
warms up at idling speed, the oil pressure shovjld /irop to a normal rea^ling of 30 to 45 
psl. If the oil pressure drops below 30 pb*i in normal operation above idling speed or if 
the oil prossure varies eri'atically during 0])eration, stop the engine and investigate 

the cause. . ^ ' 

P . , ^ 

(2) Battery-generator indicator. Wlien the engine is running at or above medium speed *and 
the generator and generator regulator are operating satisfactorily, the battery-generator 
indicator (ammet<jr) should sho>V a reading in the green range. If the indicator registers 
well into the yellow or rQd i-anges during operal^ion, the batteries are nc^ being charged. 

If this occurs, stpp the engine and Unvcstl^^ate the cause. If i] is equipped Vi Ih an ammeter 
the indicator pointer should move bacit to 'Zi^ro ap.lho battery is charged. If the battery- 
genera toi' ir\dlcHtor showg a continuous higli rate of charge, stop the engine and investigate 
cause. '■ jf^ 

/ ' 

(3) Engine water- tempei'atu re indicator. When the engine has had time to reach normal 
operating temperature; the water-le;nperature should range between 160 arid 185° F. 
Whenever possible, allow the engine water temperature to reach 160^ F before mov^^g ' 
the vohicle, , _A 

(4) TransmigBion Qil-temperature indicator'. The transmission oil/tenjiperature should ' 



re^gid beflPt^^n 160^ and 185" F after the tnginc^ has been warmed upA Transmission 
Converter till "out" temperature should not' exceed 250° F. |f it does, stop the vehicle 
and determinp the cause of the overheating. If no leaks can be seeH, shift the trans- 
mission to neutral and operate the engrlne at 1,000 to 1, 300 rpm. The temperature 
should drop rapidly to engine coolnfnt tei-rtperature. 

* .1 

(5) Transmission oil-pressure indicator. After the engine has been run at medium speed 
^ for 2 or 3 minutes, the transmission oil pressure should not drop below 100 psi. The 

transmission main oil pressure should read hetwecri-1 10 arid 120 psi at full engine throttle 
with the vehicle brakes applied. If the oil pressure is not Avithin specifications, stop the 
engine. Do not let tlie transmissicui oil teniperatuVe exceed 250 F when you are making 
the oil~pressure,clieck. , 

(6) Air-pressure indicator. Aftei* 2 or 3 minutes of engine operation, the reading of the 

^ brake s5^stem air-pressure gagv should always be above 60 psi while the engine ig running 
at or above fast idling speed. If not, troubleshoot the system. ^ 

* ^ ~ — - ♦ */? 

(7) Low air-pressure warning light. Do not attemfrt to drive the veKicle until the brake 
low a^r-pressure warning light goes out. When the light is on, pressure in the brake 
system is below the minimum required for full power braking. If the light does not go 
out after idling the engine for 2 or 3 minutes, troubleshoot the air brake system. Avoid 
unnecessary engine idling. Prolonged engine idling will result in low operating tern- ' 
peratures which eause incomplete connbtrstion. Poor combustion of fuel in a cold engine 
causes crankcasG dilution; lacquer deposits on valves, pistons, and rings; and rapid 
acpumulatron of sludge within the engine. 

b. C old-weather starting. An ether cold-weather starting aid is provided to assist in start- 
ing the engine at temperatures below 40° F or when other circumstance^ make starting difficult. 
To start the engine with the help of the starting aid, proceed as follows: 

(1) Prepare the vehicle for normal starting. 

(2) - Insert a primer cartridge (ether capsule), neck down, into the discharger body and 

scrfeW the discharger cap onto the body. - v. " . ^ 

(3) Turn the ignition switch on and open the engine throttle to about 3/4, 



(4) Press the starter bujton, After the starter motor has brought the- engine up to crank- 
itig speedj discharge the pres'sure primer by swinging the actuating lever through 180° 
ta the oppbsite side, of the pribier. The primer cartridge takes aV>out 15 seconds to 
dischargeifuUy. If the engine fails to start after several attempts, troubleshoot it to 
loc at a- the defect, . il 
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(5) V)ien handling primer cartridges, observ^ the following safety precautions:^ Insert 
primer cartridjges in the prirryer only when they are to be used immediately': Since 
ether fume^ arc toxic ancf flammable, do not discharge primer bulbs in a confined 
area or near an open llatnc, * 

f)~4. STOPPING THK ENGINE ' ^ C 

a. Noriiml. Graund or place the attachments in their normal restlr^ place. Place all attach- 
ment and vehicle controls in the hold or neutral position. Engage the parking brake lever. De- 
crease engine speed and allow it tg run at half spe^d for 2 or 3 minutes, then slowly decrease 
to^idlo speed. This allows the engine to cool gradually and uniformly. The engine can tJien be 
stopped with tiie engine shutoff lever and the bai?d throttle. Turn off the ignition switch before 
leaving the v^ehicle. Leaving the ignition switch on will dispharge the batteries due to the con^ 
slant drain of current to the instrument panel Indicators; 

Em^gency engine shutdown . If the engine shutoff lever fails to stop the engine, pull the 
emergency dihutoff control handle out as far as it will go. This will stop|the engine by cutting 
off the air supply at the blower. After the engine has stopped, push the handle all the way in 
again and reopen the blower shutter with the shutter lever. Before restarting the engine, de- 
termine the canse of the failure of the normal shutdown mechanism and correct it. 

S-^. OPERATION UNDER UNUSUAL CONDITIONS , ^ ' 

a. Extreme-cold weather . ^, 
(1) Conditions. ^ ' * . ( * ' 

(a) General. Extensive preparation of mechanical equipment is t^equired when extremely 
cold weather is /expected. Extreme cold generally caimes lubricants to thicken, may* 

' freeze batteries and reduce their electrical efficiency: and can cause sho.rt circuits - 
by cracking electrical insula^. Cold also prevents fuel from vaporizing readily to 
form the combustiWe mixture necessary for ststtlng. Various materials, become 
hard, brittle, and easily damaged from extreme cold. The <;*oling system should be . J 
drained, flushed and refilled with antifreeze compound to protect the system against 
subfreezing temperatures. / ^ ) 

* \ ' . 

(b) Storage, handling, and use 'of fuei, lubricants^and antifreeze compound ., > The efficient 
operation oif equipment at arctic teniperatures will depend greatly on the suitability 

of the fuels, lubricants, at^l antifreeze solutions used in the equipment, llie effeots of 
careless storage and handling or improper use of such nj ate rials ^are not always 

immediately apparent, but deviations fr*oih the recommended proce^lures may cause ^ 
' major trouble at any time. Contamination of fuels and lubycc^hts with moisture is 
thC^ource of many difficulties irt sUbfreezing temperatur^. Moisture can be W}e 
result of sndw getting into the material or condensation in^artly filled containers, 
f *' . • . 

(2) Operation. . ^ ' . ^ ' 

(a) General. You must always be on the alert for the fefjects of cold^veather on the 
^ ^^ihiHTg., You must be very cautious when putting bie vehicle into operati^^^^ 

^ shutdown. Congealed lubricants may cause parts f^fcs. Wheels may be frozen i 

\p the ground. After warming up the en^gine tj^roughly. shift the,tranSniiS8lon ihto :f. 

ranger "and drive the ve>»icl« for about 100 yards, taking care no^to stall the 
engine. This should warm up.the transmission to a point where nori^ operation | ■ . 

^ tan be expected. Check.the enfijlne and transmission temperature gag>8 cons ant y * 

• If elther'gage consistently shows a high temperature, stop operating, determine tHe cause. ^ 

and correct the defecti . 

(b) Parking. When stopped for sfcort shutdown^erlods. the vehicles Should be parked 1^ 
TTTi^litered spot out of th'e wind. If no. shelter Is availablel park the vehicles , V ^ 
•facing the wind to retard the loss of heat from the engine and *^lator. For longer 

: shutdown periods, park the vehicles on hard.- drygroun^. " .^^^^^^Jf P;"^" 

pare a footing of planks or brush. When you ar^preparing the vehicles for n shut- 
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down period, place the transmission shift levers in neutral to prevent their freezing 
in the engaged position. Clean all parts of tK^ vehicles of snow ' ice, and mud as 
soon as possible after operation. Be B\ire to pi^otect all parts of the engine and 
operator's controls from drifting Ice^Tid snow. Cover I he. ope r at or,!^ •compartment 
and radiator. Refuel th'fc vehicles immediately to^reduce the amouriFof air In the 
fuel tank and thereby minimize condensation. Befori? t efiJeling,' drain off any condensation 
or sediment from the bottom of the tank through the draln^eock. Whenever the cooling 
system is being drained, make sure that the drain openings are not obstructed. This is 
particularly important when draining a vehicle to prevent damage due to freezing. If a 
drain opening is plugged with sediment, clear it with, a short length of soft wir(^. Draining 
of the cooling system will be neccssaryonly when antifreeze solution is not available. If 
tlie vehicles are to be shut down for a long period, remove the batteries and store them In 
V a warm place. 

^. Kxtreme-hot wQathe r. 

(1) General . Contlnuo^js operation of the vehicles on steep graH c^ r in soft ground^ n^a^. / 
cause overheating. Watch the engine temperature" gage, arid stop the vehicle for\dp^ 
cooling- off period whenever necessary, I The best way ta cool the engine IsV allowing 
it to run at>i low idle. Inspect and serlice the cooling system, oil filters, and air i 
cleaner^morp frequently than normally^requlred. If the engir\p temperature frequently 

^ rises above 185 Fr look for obstr-uctions In the radiator fins from accumulated dust. ' 
sand, or Utter. Obstructions can b^ cleaned out with compressed ^r or a stream of 

* water. Flush the cooling fry^t^if neceAj^^ry , tt the transmission oil temperature 
rises beyond 250° F, stop tfif veWlcle, shlfttnto neutral, and run the engine a fast 
Idle. Th^ temperature JfcMjild droj^ to the normal operating range In 2 or ^m&nutes 
If it doesn't, trou^l^shoot j^e transmission. , * ^ / 

(2) Parklr>g , ETo not pajf^ the vehicleHn the sun for long periods of ti^ie. When practicable, 
park.lt under* coVer /to reduce 'damage and deterioration from' sun. sand, and dust. 
If possible, coVerHhe operc(tor»s compartment, and use whatever / ^ 
means are availal^t to protect the eng/ne compartment from windisfown (ffist or sand, ^ 

^ ^Tiicles that are n3^ used for long periods of time in hot, humid weather should be- 

cleaned and lubricated fr^q^ently td reduce r'\/stlng and damage from insects and fVtngus. 

c. Fordlltg . Because the M«rlHe Corps is involved in many amphibious operations, it n^ust 
have equipment "^apable of operation while partially submei-ged. It must be able to move from 
landing craft to ^hore through the surf and cross shallow streams under Its own power, 

(1) Vehicle condition. The vehicles u^d are equlppJeeTwithnthe necessary^components for, 
^* fording. The fording components are installed by the factory, but close inspection and 

• proper maintenance Is required to insure satisfactory operation durilvg fording. A 
\ quarterly preventive mstintenance service and' inspection is performed to insure that 
jf the^ vehicle i^ properlj|servic^d and Is in satisfactory operating condition. It is lubrl- 

\ cated to keep water fromi entering the joints. Any leaks ar.e%epalred and loose parts 
^ We tightened. All openlAgs below%e expected water' level are* sealed or vented 

above' the water level'. The engine and the powor train components must be operating 
satisfactorily or trouble can be oatpected while fording. 

Fording depth. With the factory Installed equipment ond the vehicle operating satlsfac- 
ft* ^ torily. It will ford 60 Inches "(5 ft). This Is the total depth of mud arid water. Extensions 
can be^dded !o the exhaust system, the Intlike system, and component breather tubes, 
. the operator could rjot control the equipment If the water ^^Ises above the 60 In. level 

^ )on the vehicle. Always check the depth and do not attempt to ford water deeper 'than 60 
Inches, no matter Hbw narrow thebody of water. 

(3) Fording speed. The operator drives the vehicle into the water slowly and gradually 
increases the engine rp^n as the water gets deeper. Once'the vehicle Is in the water, 
it is operated at full engine governed rpm with the transmission set in^the lowest for- 
ward speed. r^ge. -Entering tfie wa'te/ too fast may damage th6 fan ks'it strikes the 
water, damage the vehicle, or Injure the operator by the sudden shock of hitting the 
^ water. The vehicle speed should not eyeed 3 to 4 mph, 

. ' ■ X ' 
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(4) Immediate maintenance if vehicle stalls. Should a vehicle stall , while submerged, re - " 
start ^t and drive it put inmiedlately if possible. yl/ the vehicle fails io start or to move, 
tow it out as soon as possible, deteng^ine the cause of failure, and repair it. After 
leaving the water, adjust the fan belt to pVt^vent overheating of the engine. As soon as 
possible, clean the vehicle with fresh water, lubricate, and^l^rform a quarterly pre- 
ventive iTiaintenance service. Check all compartments and components for evidence of 
Water; flrain and yeiill if necessary. 

' . r ' 

d. Towing the vehicles. If it^becbmes necessary to tow the vehicles for, a ^relatively long- 
distaQce, both drive shafts must be disengaged. This is necessary to prevent damage to the 
transmission from lack of lubricant pressure when the engine is not running. The 4-wheel drive 
selector lever can be used to di«kei)feage one of the propeller shafts, but thither propeller shaft 
must be disconnected. Do not td^ the vehicle to start the engine.; thb engine cannot be cranked 
\^ towing. If the battery output is not sufficient to start the engine, connect an external source 
of 24-'Volt. direct currfcnt to the vehicle electrical system with an electrical extension cable 
(slave cable). The vehicles are equipped with slave receptacles for use with the slave cable 



urc( 



Section II. I^UGH-TERR AIN FORKUFT 



^) - 6 . INTRODUCTION 



a. Types . At the present time'the Marine Corps lias two types of rough-terrain forklifts: 
The 6, 000-lb capacity RKF-060 and OS-3354 which are very similar ifl design and are self- 
contained, rider-type, mechanised pieces o\ mat(?rial handling equipment and the 4, OOO-lb 

'capacity IVIC 4000 manufactured by J. r. Case* ' . * 

b. Common mechanic s. The forktift mechanism (fig 5-5) of these vehicles consists of three 



assemblies: the carriage and fork assembly; upright tilt cylinder and inner slide assembly; and 
the upriglxt outer boom asaiembly. The carriage and fork assembly mounted the extreme front 
of these vehicles consists of the roller chains, sprockets, two lift forks, slide shift cylinder 
assembly, and^he fork Carriage. The upright tilt cylinder and inner slide assembly is mounted 
at the front of the vehicle. It is attached to the carriage and fo^ assembly and is mounted within i 
the upright outer bJ^assembly, It consists of the tijt cylindeK and Inner slide assembly. The 
upright outer boomlHembTy is attaofied at a pivot point in approxinvately the center of the^ vehicle, 
just ahead and ;^Jghtly t6 the right of the operator's compartment. It attaches to the inner slide 
assembly and consists of the extension cylirtder assembly and the outer boom assembly. The 
vehicle hydraulic; system consists of the hydraulic supply tank assembly, hydraulic pump and the 
foUoMng functional systems: brake system, steering system, and forklift system, 

% ' ' 
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Fig 5-5. Forklift mechanism. 



/ 



^- ^m^posg' Rough ter^Q^ forklifts were designed to move palletized materiaVfrom one place 
to another over rou^h terrain. They can be tilted from side to side so that the vehicle can pick 
up loads on uneven teri>iin. Forklifts of this type can be used on beaches to unload landing craft- 
in supply dumps to load or move supplies, and at forward airfields to load or unload aircraft. 

d. Other items with forklift attachments. In addition ^to the two rough-terrain forklifts, the' 
72-31MP Terex tractor, described in par^ 5-10 can be equipped with a fork<attachment and can 
be used over rough terrain. The Marine Corps is also trying to find a multiple pallet forklift: 
one that will lift mori3 than one pallet at a time from the ground or other places and load 
them one at a time. A suitable replacement for the many various makes of commercial forklifts 
is also being sbught. ^ ' 

5-7, RKF-060 FORKLIFT OPERATION 



\ 



a. Instruments and controls. The RKF-060 forklift truck Instruments and controls are il^s"^- 
trated In figure 5-8 and .5-7. lo lrgvive 5-7. note that the vehicle is equipped with a low-air pressure 
warning light but is not equipped with an air-pressure gage. 

(1) Tlie brake lock pushbutton s^'^itch has not yet been described. The brake lock is used 
only when the vehicle is being used in operations requiring periodic momentary stops- 

To apply the brake lock, step on the brake pedal. While holding the brake pedal, depress 
the brake lock pushbutton switch. This will trap the pressurized hydraulic hfrake fluid 
J at'the rear wheel linesi thus keeping the brakej engaged. Then the driver ^an relax • 

and remove pressure from the brake pedal. To release the brakes, push the br^ke pedal 
in, at least as far as you did when activating the brake lock- Do not touch the brake lock 
switch when removing brake lock action, 

t 

(2) Figure 5»6 illustrates the engine"and vehicle controls, ♦many of which were covered in 
section I- Note that the vehicle is equipped with two interconnect^ brake pedals and 
that the transixiission shift levf ra are located directly bel6w the s^ering wheel. The 
speed selector provides a means of selecting any one of the three trail^misslon speeds- 
The direction aelcc^lor provides a means of selecting either a forward or reverse direc- 
tion. The drive selector enables the operator to select either 2- or 4-wheel drive. 
When the drive selector is pulled back, only the two rear wheels are powered. 

(3) The steering selector enables the operator to steer the vehicle with either the twcTTront 
wheels or all four wheels. Two types of steering can be selected in the 4-wheel steer- 
ing range: crabbing and 4-wheel. WK^n the steering selector is pushed forward to crab, 
the vehicle will move slightly sideways. When the selector is pulled downward to 4- 
wheel; the vehicle will be in 4- wheel steering- In 4-wheel steering, the two rear wheels 
will turn 'in the opposite dir^^tion from the front wheels, causing the vehicle to pivot 

or mafte a sharp turn,' Wheft the selector is in the middle position, the vfeliicle will be 
in front wheel steering position. \ ' y 
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A. 


Steering eeftctor 


G. 


B. 


Steering wheel 


H. 


C. 


Speed selector 


J. 


D. 


Direction selector 


K. 


E. 


Lift oontroj 


L. 


F. 


Tilt control 


M. 






N. 



Reach control 
Rotation (oeciUati' 
Side shift control 



P. Emeri^ency brake lever 
Q. Drive selector 
R. Accelerator pedal ^ 
8. Service brake pedals 
T, " Instrument panel 
Horn' button 



Fig 5-6, Driver's compartn>ent arrangenient. 



P 




A. Service light switch 

B. Forward floodlight switch 

C. Raur floodlight switch 

D. Throttje 

E. Engin(| hour meter 

F. Converter pressure gsg6 
a, Pmnel light ^ - , 
H. Engine oil-prepsiiirf gage 



J. Panel light 

K. Ammeter 

L. Fuel-level gage 

M. Water*temperature gage 

N. 'Converter temperature gage 

P. Low-alr-^pressure light 

Q. Starter button 

R. Ignition switch 



S. Brake lockA>ushbutton switch 



/ 



Fig 5-7. Insirufnent panel arrangement. 
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(4) The manuaUy operated clutch cutoff control, whqn engaged, allows the operator to 
% speed up the engine, thuo Increasing hydraulic.pump. capaoJty winiQut moving the 

vehicle. Thb control is pulled out to engage the transmission valve and pressed in to 
f' difjengage it, WJien the control ia p\dlcd out / the brake system is connected to the 

transmission valve for "inching, *' 

(5) The'forkllft mechanism ie provided with a number of hydraulic control levers )vhlch are 
easily accciisslble to the operator. The spacing of the forks themselves must be 

' manually adjusted by the operator, The side shift control is used to shift the forks either 

to the right or left. The lift control is used to raise or. lower the carriage aijid fork 
assembly. The tilt control is used to tilt the carriage and fork assembly forward or 
rearwa^'d. The reach control Is used to extend or retract the carriage and fork assem- 
bly as needed. The rotation (oscillation) control permits the vehicle to tilt (dip) 10^ to* 
the right or left. The center position on these levers is a stop position for any 
previously selected movement. 

b. Ope ration. 

(1) The starting and stopping of the engine was explained in s^tlon 1. Normal operation i 
of the vehicle will be discussed here. For normal smooth-terrain operation, the vehi- 
cle should be placed in front wheel steer and .rear, or 2-wheel, drive,. The transmission 

/ speed selected will depend on the operating conditions. . However, 'low range is very * " 

seldom required under ordinary operating conditions, everl with full rated loa'ds on " 
ordinary grades. It is used only for ascending Stee^^ grades, in very rough terrain, or 
in mud, sand, or snbw*. Low range is always used for descending steep grades where 
more or less continuous braking would otherwise be required. Release the emergency 
parking brake before moving the vehicle. The desired road speed can be obtained by 
^ ^ simply depressing the accelerator pedal. 

(2) To stop the vehicle, release pressure on the accelerator pedal and depress the brake 
pedal. Do not pump ihe brake pedals, but apply even pressure. This permits the 
drive train to assist in braking the vehicle. If the stop is momentary and the directioti 

V. of travel is not going to be reversed, the direction selector does not have to be ahifted 

to neutral. Light pressure on the brake pedal will hold the vehicle statlotiai'y. If the 
vehicle is to remain stopped for more than several minutes, place the direction selector 
in neutral. . Either the hand brake or brake lock can then be used to keep the vehicle 
S!«tlonary. ' 



(3) When changing <3irection, stop the vehicle and ha^}e the engine at a slow idle speed. 
When shifting fv&m neutral to reverse, shift the direction selector into forward first 
and then shift without pause through neutral to reverse. When shifting from reverse 
tp#forward, leave the shift lever- in neutral position for at least 3 seconds before shift- 
ing into forward. Never allow the vehicle to coast downhill In neutral. The speed 
selector must be in gear at all times when the vehicle is traveling under its own power. 



(4) The operation of the forklift itself is relatively simple, but there ax^a few operatit^ 
precautions which forklift operators should observe: 

(a) Do not load the forklift beyond its rated capacity. S 

(b) Lift, lower, and haul loads with the Tork aasembly upright or tilted back. Tilting is 
preferable because It steadies the load for safer hauling. 

(c) Never butt loads with the fork; you rtright damajre the cargo, 

(d) Do not stack a load too highlit will block your view and increase the chances of 
toppling the load. If you must hjiul a high-tiered load, drive 4he forklift backward 
slowly, watching overhead clearance, to avoid hitting projections which could cause 
a bad spill and a serioue accident. * 

(e) Carry the load just high enough to clea^^ the ground. 

* ' ■ • 

(f) Sitice the forkllM^s usually operated in close quarters, with reduced visibility, a 
good rule to follow is .to play it safe and slow down. * 
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5-S. 08-3364 PORKUFT OPERATION . 

The operation of the OS-3364 and the RKF-060 are very similar. Figured 5-8 abd 5-9 
•how the flight difference betwten the two In the driver's compartment and instrument panel 
Compare theee fljfuree with figures 5-6 and 5-7. . ^ 




A Low ftlr tmaeure UfU 

B forward floodllf M ewltch* 

C Hear floodUfM awllch 

D Tkrome coelrol 

I CxNnerter preeeure gafe 

F SnglM oil preeeure eefi 

O Itarter bi^ttoa k 

H Mtt-ieaerator Indicator . 

J InilBe Kour meter 



K Fuel level gage 

L Paiwl Ught 

M Ignition ewttch 

N Water temptrature gage 

P Panal ^ight 

Q * Converter tempttralure gage 

R Brake lock puah-button switch 

g Service llghta awltch 

T Panel light 



U Air preeeure gage 



Fig 5-8. Instrument panel arrangement. 

H 





A 
B 
C 
D 
B 
F 
0 



•teertaig eeleeter H 

tieerieg wiMiE J 
4^ e«>Mtor!? 

IMffeeiioe eelecbr K 
Diecowiact drive control h 

Forte lilt eoeftrel M 
Fork Ult control 



Fork reach control N 

Fork rotaUoo (oeeiliaiion) P 

tontrol Q 

Fdrk eide^ehin control H 

CM start control 8 
Jtmargency stop control 



BngM oJIxonttol 
Bniargency brake leVer 
Drive eelactpr 
Accelerator^ 
fftple^riinike pedala 

ttrument panel 
Horn button - 



Fig 6-9, Driyeptr-tfompartment arrangement. 



5-9. MC 4000 ROUGH-TERRAIN FORKLTFT 

4 

a. CoPtrolH and inBtruinents (fig 5-10), 

The conlpol ixinel and the console on which it ie mounted contains many of the- engine and 
electrical system controls and instruments. These controls and instruments perform functions 
similar to others described with the exception of the master switch (fig 5-11), which is not 
mounted on the control panel but is located beside the cold start aid kjiob. Turning this switch 
clockwise cuts all power to the instrument panel aifd stax^ter. 




1. CNQi^ta wateh TcimiiATURe qaqc 

2. DA«H LIQHT :« 

X CNQINC OIL PmittURC QAQC 

4. tTARTIN SWITCH 

i. BATtfllV-QtNKflATOR INDICATOR 

C TRANlMIMtON SHirr LIVIN 

7. PUIL tHUTOPP CONTROL HANDLE 

tTICNlNQ WHICL 
f. HORN BUTTON \ 



10. DOTATION CONTROL LCVtR 

11. »HIFT CONTROL LCVIR 

12. Lirr CONTROL LCVER 

13. TfLT CONTROL LIVIR 



IS. CLUTCH HICttURI QAQC 
It. IMIROINCY STOP HANDLt 
17. BLAPKOUT LIOHT SWITCH 



II. RCAR rt^OOD UCiHT SWITCH 
It. HKAD AND TAILLIQHT SWITCH 
20l dash LIQHT SWTrCH 
2%. fUILOIL MCSSUMOAQC 

22. iONlTlOH SWITCH 

23. PARKING iRAKC CONTROL 
i4. ACCCLCRATOR PtDAL 

28. FOOT f^RAKt PCDAL 



Fig 5-10, Controls and Instruments^ 
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Fig '5-11. Mfi0ter awitch and cold, start aid knob. 

(1) Starting the engine . The operator must perform the daily before-operation checks and 
flervfceB (Table 5-1). « n 

(a) Be 0ure the transmiflBion shift lever is in neutral and set the .parking brake. 

<b) The Hocelerator pedal should be at idling spee(^(eettlng of the hand throttle takes care 
of this); 

(c) You must always check to see that the stop handle and emergency stop handle (fig 
5*- 12) are in. If the emergency stop has been used it must be manually reset. 




Fig ^-12. Emergehcy stop reset handle. 

(d) Now turn the master switch* the ON position and tvkrn the ignition switch 'on and 
press the starter button. 

(e) When the engine starts^ immediately release the starter button and check the instru- 
ments. 

J 

(f) Operate the 'Engine at part throt^e and no load for about 5 niinutes so it will be 
'warmed up before applying a loaq 
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Table 5 


-1* ' Operator's Dally Services. 


Intervalfl 


li 


Before 
Operatiori 


During 
Operation 


After 
Qpe ration 


Procedure ^ 4^ 

■ r ^ 


X 




X 


r\ -: 

FUEi»»- Inapect the ^ijel supply. See that the fuel tank Is 


• X 






CpOL"ANT- Inspect the coolant level In the |*adiator. Add 
"coolant If necessary. 


X 




X 


OIL, Inspect the oil level In the crankcase. Add oil if 
necessary. 


X 






DRIVE BELT. Check belt tension. Check condition of 
drive belt. 


X 




X 


AJR CL"EANER. Empty air cleaner dust bowl. Check air 
cleaner^indlcator. ^Service air cleaner if necessary. 

FUEL FILTERS. Drain water and sediment from fuel 
filter and strainer. 


X 




> 


STEERING LOCK PIN. Check to ensure lock pin has been 
removed from locking hole. 

y 


X * 






STEERINaRELEASE VALVE. Check to endure valve is 
closed So truck can be steered. 


X 




X 


TRANSMISSI9N OIL. Check level. Add oil if necessary. 


X 






HYDRAULIC OIL. Qheck level. Add oil if necessary. 


X 




X 


LEAKSf GENERAL. Jhspect for leaks, paying partfbular 
attention to the engine cooling system, oil and fuel lines, 
and connections. Correct all deficiencies noticed"^ or re- 
port them to organizational maintenance. 


X 

« 




X , 


VISUAL INSPECTION. Make a general inspe<5tion of the 
entire trudk for damage, loose or missing screws or nuts, 
and loose connections. 


X 




> 


PUBLJQATIQNS AND TOOLS. Check for form*, manuals, 
tooiy^flnd equipment assigned to the forklift truck. EnsXure 
tha^j^ ar^in serviceable obnditioh and properly stowed. 




X 
X 




INSTiiU|^NTS. Ensure that all instruments indicate with- 
in requifed ranges. 

CONTROLS. Check operation of controls. 




X 


X 

• 


UNUSUAL*^OISES. Listen for unusual noises at>d check 
for excefiaive vibiHStio^. If present* shut off engine and 
report to. organizational maintenance. ^ 

TIRES. Clean oflf all mud and dirt. Inspect the tires for 
cuts or other damage. 






X 


RADIATOR. Clean bugs, dust, or other foreign matt^f ^ 
froin radiator^ 






> 
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(2) Smarting the forklift . Always, be sure that the steering lock pin has been removed, 
steeHng cutout valve is closed, and the rear axle drive is engaged, 

(a) Release the parking brak^^ and raise the forks off the ground. , 

(b) Now shift into the desired range and push the accelerator to move the forklift. 

I 

Stopping the forklift. First apply the foot brake. After the forklift has stopped, shift into 
neutral, set the parking brake, and put the forks on ground. " 

(a) Do not shut off the engine but allow it to run at half speed for 5 minutes so it will f 
cool. Then shut off the engine by pulling out the fuel shutoff control handle. 

(b) Now turn off the Ignition switch and*muster switch and push in the fuel shutoff handle, 
(s ' Section HI. SCOOPLOADER 

10. 72-3 1 MP TEREX* TRACTOR * 
a. General description . 

(1) The model 72-31MP tractor is ^ 4-wheel-drive, pneumatic-tired (rubber-tired), hydrau- 
llcally operated, articulated -steering vehicle. The Marine Corps version maybe equipped 
with a Drott 4-in-l bucket or forklift attachment (fig 5-13), The weight of the tractor 
varies with the applicatiojU. The term articulated-steering means that the entire ^ront 

^ . end of the vehicle turne^on a ptvot point rather than just the front wheels turning in a 
given direction. 

(2) The hydraulic system which operates the Drott 4-in-l and forklift attachment is an inde- 
pendent system powered by Its own gear type, pump mounted on the torque converter 
housing. The 72-31MPitractor uses an Independent liydlrauUc oil supply and hydraulic 
pump for the steering and the front end attachn^ent controls. 

' (3) Two control levers, at the right of the operator's seat, control all functions of the, attach- 
ment hydraulic svstem. The lift control lever has four different positions: float, lower, 
hold, and raise. The tilt control lever will dump, hold, or tilt back when moved front 
to rear or open and close the clam butket when moved left or right. Clam and blade 
position indicators are located 6n the Drott 4-in'*! attachment to aid the operator in 
setting the attachment for the desired type use. „ 




b. Inetrumente and controls. 



(I) The 72-31MP tractor is equlppec;! with a tranemieelon control lever located under the 
steering wheel on the left side. It controls the transmission range-selector valve. It 
has faur positions: reverse, neutral, l^t forward, and 2nd forward. 

-(2) Figure 5-14 illustratesUhe 72-31MP tractor controlB andxlnBtriiments. Notice that this 
vehicle is not equipped with an automatic clutch release lever. However, fully depress- 
' Ing the brake pedal applies the brake and nctgiitos a transmission declutch valve to 
disengage the transmission and provide fujl engine power for operating the front end 
attachment. \' 




1 . Parking brake 6, 

2. Service brake pedal' 7, 

3. Transmission control lever 8. 

4. Transmission forward-reverse lever" 9. 

5. Starter key ^ 10. 



Light switches 
Accelerator pedal 
Bucket lift control lever 
Buc^t tilt c^i^ol lever 
Rear axle disconnect 



Fig 5-14. 72-31 MP Terex tractor controls. 

(J 

(3) Th^ rear axle disconnecf^lever is used to engage the rear axle for 4-wheel drive. U^e 
4"Whe'el drive when working the vehicle and 2-wheel drive when traveling from one job 
to another. Pull up on the control to diser>gage the rear wheels. 

■ ' - ■ ' • V ' * 

(4) The indicatotMB are similar to those listed for the 82-30M crawler-tractor. 

^' Operation . The work cycle for loaders can be divided Into four phases: loading, carry- 
ing, dumping, and returning*^ llie most- common operation is removing material from stockpiles 
and loading it in hauling units. The Drott 4-ln-l attachment or ©lami bucket permits the loader to 
perform a variety of jobs, in addition to standard loading functions. ^ The separately controlled . 
clam can be opened and closed id operate as a clam type bucket or a standard bucket by sideways 
movement of the bucket tilt control lever. A clam position indiciftt>r and a blade pitch indicator 
(fig 5-15) are attached to the blade to aid in positioning the bucket components as requlrecl to 
perform its various functions'. 




Clam Poiillon 
Indicator 



■ULUDOZIR 

lUCKCT ^ 
CLAMIH^LL 



Bla(i« Po«)li<sti 
Indicolor 



Fig 5-15, Clam and blade position indicators. 

*■ 
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(I) Standard toading and dumping gp^rntions . \Vhf*n using ihv clam -type bucket aa a «ian- 
dard bucket (or loading material from a stockpile Into a hauling unit, ix)ailion tlx? haul- 
ing: unit as Illustrated in figure 5-10. 



1^1 
I 










t. 








f 





Method t 



Mvfliod II 



Fig 5-16. Correct poaltloning of haulitig unit 
for loading from a stockpile. 



(a) With the loadeyr adjacent to the jgtockpllR, lower tlic bucket to the ground, 

(b) If the clam is open, move the Jilt control lever to the rif^hl until the pointer is on "0" 
of the clam position indicator (fig 5-15), 



(c) Tilt the bucket backward or 
pa'eition (fig 5-16). 



forward until Iho blade indicator pX)intCr is at bucket 



(d) 



(e) 



(f) 



JE^igage the 4-wheel drive by pushing dO^Vn^tfiTth^ control, release the parking brake,' 
and shift th^ transmission into let forward range. Accelerate the engine so that the 
bucket is forced into the stockpile. Turn tlie steering wheel right or left i\b t)ie bucket 
,ld loaded. Move the tilt control lever back and forth as the bucket crowds into Uie 
stockpile until the bucket is full, 'Wlien full, move the tilt control lever back to the 
tilt back position and tilt the bucket all the way backT The buc4cel loading operation 
should end with the buS<5,et*to the rear of the liaullng gnit a$ illustrated in figui e 5-16 
and tilted back against the stops. If the' stockpile is low,, particularly with free flowing 
material, leave the lift control leycr alone. Keep the bucket one or two feet offihe* 
ground. , c , * ' 

Shift the transmission to reverse range and bacTTaw^^ from the stockpile with the 
steering wheel turned to the maximum away from the hauling unit. Start raising pie 
bucket while backing away from the stockpile, decelerating and shifting to for- 

ward ra^nge, start a full turn to)yard the hauling umt. The turn should be coimpleted 
while changing direction. Allow the bucket to>^ontinue to raise during the inverse and 
forward movement so that it will^be l6gh enough^to cloa^ the hauling unit. 



The bucket can be dumped in the standard method 
position or by ojpening the clam by moving the tilt 



position. When tilting forward, the brake action ^^11 assist in throwing the load*far-. 



by tilting it forward to tlie dump 
control lever to the light to the open 



lever back and forth will help 
tilt control lever back |^o the. tilt 



(2) 



ther into the hauling unit. Moving the tilt control 
spread the load. After dumping the load, puU the 

back position and release to allow the automatic bucket leveler to level the bucket for 
the next load. Shift the transmUsion to reverse and back away from the hauling unit, 
turning the steering wheel fully away from the hauling unit. W.jiiile backing away, move 
^the lift control l^ver to the float position.^ While decelerating to change transmission 
range and changing direction of travel; the turn into the stockpile ehoitld be started n 
and compiete^J. Allow the'bucket to drop to aboulpime foot abo^e the ground to start 
the loading phase of the cycle. * , ^ 

Scrape loading . The Drow 4-in-l clam^type feAA^tet can be used for smooth, accurate 
scraper-type loacMng such as stripping topsoil oi" sod, • *" ^ ^ 



(a) 



Position the blade by iiaovlrig the tilt control lever .until the pointer is alined ^ith the 
Bcraper on the blade pitch indicator and with 2 or 4 on the clam position indicator 
(fig*5-i6). ; ' < . 
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(b) Lower lho> bucket to the ground, shift iIk* transmission Into let sjieed range, and 

, accelerate Uic engine to lorTd the bucket. TJie cutting edge should dig in^^until the out- 
side ol the clan/ ^lake^^ contact with the soil. This provider a boiling action as the 
^ bucket ia luftde'^. With the blade pitch jict on 2, the cutting edge will cut down ? , 
inches; on 4, it. will cut down 4 inches. 

(c) Cloae the clam and tilt the bucket back to tlie cfirry position when it is^oaded. Lift 
the bucket to the required carry height. 

*• 

(d) Dump the bucket in the same manner as deKcrlbed for standard loading and dumping 
operation. 

^•^^ ^^Q7>ng, The Droit 4'-'in-l clam-typo bucket can q^lso be u«ed as a dozer, 

(a) Lower the bucket to the ground and open the clam until the pointer is below the 4 on 
th).e clam indicator (fig 5-15). 

(b) Tilt the blatle upUl the ])ointer is at bulldozer on the blade pitch indicator <fig 5-16). 
For level grading, the blade moldboard should be perpendicular to the ground. To 
dig hi, the moldbotird fehould be tUted'forward; for no digging, tilt the moldboard back. 

(c) For dozing a groater volume^ close the clam and tilt the bucket forward until the 1 
^ clam cutting edge digs in. Move, forward in this position until the bucket Is loaded. 

Httisc the bucket and open the clam to spread the load while on the move. 

(4) Clamshell loading and dumping . Using the Droit 4-in-l clam-type bucket as a clam- 
shell is another dperation IhaLcan be performed with this versaiihj Item of equipment. 

(a) Position the poinler so that il is alined with clamshell on the blade. pitch indioator 
(fig 5-15)., 

(b) Open the clam until the pointer is below the 4 on the clam position indicator (fig 5-15)." 
.(c) Lower the bucket over the material to be loaded until contact is made. 

• (d) Close the clam while backing away from the stockpile. When the clam Is closed, tilt 
the bucket back to the carry ix>6ition. 

(e) The bucket can be dumped as described earlier. 

(5) Handli ng miscellaneous material . In a'ddition to the uses described above, the Droit 
4-in-l clam-type bucltet can be used to backdrag, remove large rocks, remove loose 

f . stumpq, and to pull posts. Some of these operattl^ne are illustrated in figure 5-17. Use 
cautjon when performing these operations to prevent ej^cessive shock on the clamor the. 
hydraulic system. 





HondlJng Rock» Pulling Posts 

Fig 5-17. Handling rocks and pulling posts with .the Dix)tt 4~in-l attachment. 



d. Safety precautions . The loader, like all power equipment, is danger dus if not handled pro 
porly. The following suggestions are intended as a general outline of safety habits tQ be devel*- 
oped by the operator$ a.nd all personnel working around the loader. 
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(0 Always perform a visual check and the necessary maintenance services befor.ii yOu 
operate thif;' loader. 

(2) Before starting the engine, put the transmission Icvcr in the neutral position and the 
b\!cket..and boom levers in -their holding positions. ^ 

t 

(3) Ne\l^riget on or off the loader while k is in motion, 

(4) Never leav(> the loader without first lowering the attixciiment to the ground, 

(5) Always set the parking brake when the loader is not in opeVation. 



(6) Never operate th^ bucket or boom Coi^rols when the boom is in a raised position unless 
the engine ft? running, » , 

(7) Make sure that no personnel or obstrucfions are underneath or in the path of the loadcK 
bG#ore putting it in motion^s^ 

(8) Use the low- speed range when descending a steep grade.*^ 

(9) Never transport loads with the boom in the fully raised position. Carry^the bucket as 
close to the ground as possible; best overall balance is obtained in this position. 0 

(10) Never stand or work under the bulket or boom unless they are propJI^ly suppoined by , 
timbers or an overhead support ^ith at leawt a 1-ton capacity. 



5-11. INTRODUCTION 



Dutket or boom unl 
vi)ith at leawt a 1-t 

Settion IV. SKCTIONAl.IZATION 



The 3-ton hydraulic Anthony crane and the MRS- 100 tractor are designed to be readily 
transportable by air to otherwise inaccessible worlcing locations. Li the absence/>f large air^ 
craft and airfields suitable for landing them, these machines may be transposed by helicopter 
or other small aircraft having a capacity of approximately 6, OOO pounds. This is achieved by 
disassembling the mj^phines in five sections, which may be readily reassembled iii the field 
by a crew c^f men usin)^ no special tools other than those provided in the sectionalization skid 
assembly. Detailed procedures for the sectionalization of each machine are contained iii the 
applicable technical manual. These procedures will be covered in general in this section. 
The design characteristics and sectionalization procedures are generally the same for all 
machines. The sectionalization of equipment may also be used during maintenance operations 
to facilitate accessibility. 

5-12. SKIDS AND TOOLS 

* 

In order to facilitate the disassembly of the machines into sections, the ^ndling the 
sections, and^he reassembly\of the machines, the Marine Corps has adopted a standadK'^<^ctional- 
Ization skid assembly (fig 5-18), Two assemblies are required to make up one set. Ow^^complete 
set is required for aoctionalizing a j^iece of equipment. 

a. Two Griphoist assemblies (fig 5-19) are also recjVilred for each sectionalization. The iwcr 
Grlphoista are used to manfiandle the dlsassembled scctioiia . They may be secm-ed to any 
terrain feature such as a tree or boulder or to akti,t^on stake, enabling two menlo drag the 
sections to a desired location. Each Griphoist is rated for a 3, 300-lb direct pull and can readily 
move any individual sections. When both hoists are connected to a single section, the section can 
be quickly "jockeyed" into any desired position, over relatively level terrain. Do not use the wire- 
rope assembly as a sling or draw it over sharp corners. Broken strands of the wire rope may 
snag in the clutch of the hoist and will be troublesome fajy^he operator. 

b. Each Bectionhlization.skld assembly will Supjport one of tfie two vehicle main sections. 
The "assemblies are equipped with alining drlftplns, one 24-inch adjustable wrench, one 5 -ton 
hydrauU<i jack, Ibur. acrew-type jacks with extensions and adapters, guy assemblies,^ coupling 
bars and spreader bars, and an aflsortmerit of pins and nuts. Using a General Mechantcfi Tool 

Kit In addition to the sectionalization skid assemblies and the Griphoista, two men can 'sectionalize 
and reassemble either 'piece of equipment. • '•^ . 

^ 5-1.9 



5-13. DISAS|>EMV3LY 

" \ 
No elahorale preparalions are required to prepare the vehicles for eeclionalization. How- 
aver, they must l/c in operating condiUon prior to dlBaBeembly, Check the scctionalization skid 
asBemblieB before disaBSembling the machines. Locate the vehicles on level terrain if possible 




A» Jack assembly 

B, Sleeve exte^ision 

C, Short weici assembly adapter 

D, Long weld ^Bfiembly adapter 

E, Guy assembly 

F, Adjustable open-end wrenc4i 
Cx. Driftpin 



H. Jack extension hanfll^ 

J. Jack extension handle . 

K. Hydraulic jack handle 

"L. Coupling bar 

M. Spreader bar assembly 

N. Hand" hydraulic jack 

P. Straight-headed pin 

Q, Straight-headed pin 



Fig 5-] 8, Skid assembly, sectionalization. 
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I Gripholst 

2t>^ rope with hook (60 ft ^ 1/2 i 
Steel carrying box 

Fig 5-19. 



4. Maintenance tools With b^g 
1, ) 5. Telescopic handle 

Griphoist <^ssembly. - 
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a. The vehicles werfe designed with a 2-piece, or section, frame which le baited together in 
the center. Figure 5-20 illustrates the two eeparated main eectione of the 3-ton M60 crane. 
Examine the illustration closely and you will notice how the vehicle is raised and supported with 
the screw-type jackp. ^ The adjustable guy assemblies and spreader bar assemblies ar*e used to 
provide additional security and stability. From this illustration you can see that the axle groups 
of the vehicles will generally be removed. This means that the propeller shafts and any steering 
or braking lines or linkages must be disconnected before removing the axle sections. The axle 
assemblies are simply rolled out^om under the vehicle after they are disconnected. 

b. To separate the main 8ections\f the vehicles, all the electrical connections, air or 
hydraulic lines, fuel lines, and controrUnkages between the two must be disconnected. Quick- 
disconnect couplings Vjfith self-sealing ac^on are used on the air and hydraulic lines. The ends 
of all disconnected lines should be cov,ere<^with dust caps or oXh^ protection to prevent dirt or 
moisture from entering the air or hydraulicNsystem and to protect the couplings from d^rt and 
damage. Protective dust and moiature caps ¥re included as a component part of a piece of 
•ectionallzed equipment. The electrical wiritw harness is provided with standard military 
electrical connections which permit quicR disaifsembly. All wiring, lines, control^ and link- 
ages should be secured to prevent damage, ^ 

c. When all connections between the front and rear main sections have been disconnected ' 
tKe 6 bolts on the Junction olates on each^ide of the crane which join the front and rear main 
sections of the crane can byb removed. Make a careful check to insure that all connections be- 
tween sections of the vehicle have been removed and that the disconnected linkages, hoses, tubes, 
and wires are free and secured oiit of the way of further operations. The two l>ydraulic hand 
jacks should then be propped between the bases of the center pairs of screw jacks (fig 5-21), 
Work both jacks simultaneously to separate the skid-mounted front and rear main sections of the 
vehicle (fig 5-20). 

d. During disassembly of the vehicle, the screw-type jacks supporting the veHicle main, 
sections should be raised and lowered alternately and evenly. The gv^y assemblies are installed 
between the ring in the base of the screw jac^t and the diagonally opposite corner of the frame. 
The guy assemblies are equipped with turnbuckfes for tlj^htening <h: loosening the assemblies. 




Fig 5-20, ■ Front^- and rear-end sections separated, , ^ 

5-14, REASSEMBLY . ' 

/ . / ' 

The front and rear main sections of the vehicles can be drawn together with the two 
Griphoiats, The sections should be positioned on any flrm« level spot and then assembled, 
reversing the disassembly procedures. 

^ The guyr should be loosened and the screw jacks alternately and evenly raised or lowe2*ed 

as needed to aline the two section*. Care should 'be taken to avoid damaging any disconnected 
linkages, hoses^ or wiring. The sections can then be bolted together and all hoses^ wiring, 
and controls reconnected. The axl^'groups and other components which were removed during 
disassembly can then be reassembled. . * 

b. During reatf^embly, take your time, aline and reconnect the assemblies correctly. When 
you finish, recheck all reassembly operations. The plastic diist caps which are removed from 
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the lines Bhould be collected and stored in the vehicle •toolbox. The sectlonalization tools ehould 
be collected, cleaned, inspected, and repacked into the skid assemblies. Some trial-and-error 
effoiHs may be required to stow everything in the akide to permit"" bolting the second skid in 
place without distorting it, ^ 

c. The vehicles should receive a compl<^t^ maintenance cheqk before resuming normal 
operations. The technical manuals provide step-by^step disassembly and reassembly instruc- 
tions. During sectippallzation, use your manuals, follow instructions, and work safely. 



It 
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ENGINEER EQUIPMENT OPERATOR ' 
Lesqon 5 



Materials-Handling and Sectlonalized Equipment 
STUDY ASSIGNMENT: MCI 13, 31li. Engineer Equipment Qpei ato^ chap 5. 

X^ESSON OBJECTIVE: Upon successful completion of this l^son, you will be able to identify, by 

general nomenclature, materials-handling equipment* You will be able to 
identify the instruments and controls and the methods of starting and stop- 
ping under normal and adverse conditions. You will be able to identify the 
^ correct procedure for fording and towing, and. the disassembling and re- 

assembling of the sfrctionalized equipment, along with the necessary in- 
spections, servicing; and safety procedures. 

WRITTEN ASSIGNMENt: 

A, Multiple Choice: Select the ONE answer whiph BEST completes the statement or answers the 
question. After the corresponding number on the answer sheet, blacken the appropriate box. 

■ i 

Value: 1 point each 

Note: The four vehicles referred to in this lesson are: (1) Case MC 4000 forklift; 

<2) sectlonalized 3-ton hydraulic Anthony crane; (3) model RKF-060, rough-terrain 
forklift truck; and (4) model 72-31MP Terex tr^actor. 

1. Normal air pressure for the Anthony crane Is at least psl, ^ 

a. ** 30" C. 60 

b. ^0 . d. 80 * 

2. If the transmission oil temperature rises above 250^ the operator should 

a. continue to operate, keeping a close^check on the engine water temperature, 

b. contiVi^e to operate and notify the dispatcher when*he secures, , 

c. stop the vehicle and and determine the cause. 

d. stop the vehicle and check the radlatoi; for external leaks, ■ 

3. The batteries are being recharged when the battery indicaton shows a reading in the ^ 

range? . * 

a. greeti c. red 

b, yellow . - - d. orange 

c 

4. How many speeds, forward or reverse, can be selected on the materials-handling equip- 
ment? 

J. t ' ; ' ■ . 

a'.' Tl^ee speeds in •ither forward or reverse, 
b.' ^Thx^ee speeds forward and one reverse. 

c^ Four speeds forward and one reverse. . * 

d. Pour speeds forward and four reverse. ^ 
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5, If tho converter oil ''out*' temperature rises to 250° F, what should be clone to lower It^to 
normal? 

Drain the tranamlSBlon oil. 

Shift the transiniBBion to neutral and operate the eng^ine at 1, 000 to 1^ 300 rpm. 

c. Shift the transmJlaBioti to neutral and operate the engine at 1, 800 to 2, 000 rpm. 

d. Drive forward in low range and operate the enghie at 1, 000 to 1, 300 rpm. 

6. In what manner will extreme cold weather effect the equipment? 



a. It incrfuses the electrical efficiency of batteries. 

b. Materials become soft and pliable/ 

c. Lubricants thicken or congeal. 

d. It increases the vaporization of fuel. ' 

t 

7, The engine starter should not be operated contlnuousligfor more than 



seconds. 



a. 15. 

b. 20 



c. 30 

d. 45 



8. Which is the correct method of using an ether primer cartridge^?' 

a. Store the cartric^ge in the primer until used, 

b. Discharge it into the exhaust manifold. 

c* Insert it into the primer and use immediately. 

d. Discharge It into the air breather for cold weather starting only. 

9.. The vehicles arc designed to ford bodies of water up to a depth of 



a. 48 

b. 50 



c. 60 

d. 72 



inches. 



10. When stopping the engine^ it should be allowed to run at half splifed for 2 or 3 minutes to allow 
the ' 

a* transmission to cool gradually and uniformly. 

b. engine to cool gradually and uniformly. 

c. hydraulic gjiystenx to cool gradually. 

d. radiator t<r cool gradually, 

11. When securing your vehicle in extremely cold weather, jou should park 



a, facing. into the" wind. 

b. facing away from the wind. 



c. on soft, damp ground, 

d. in an open area 



12. The best way to cool an engine when operating in extremely hot weather is to 



a, run it at 1, 500 rpm. 

b, ^un it at low idle. 



c, shut it off, 

d. drain and flush the radiator daily. 



13. Which vehicle, if any^ is equipped witlj a brakelock that may. b€f used to hold the vehicle during 
periodic momentary stops? . 



a. 3*- ton hydraulic crane 

b. Case MC 4000 forVlift 



c. RKF-060 fprklift 

d. 72-31MP Terex tractor 



1 3. 31 
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14. What should be done to. start the engine- when tlie battery output Is NOT sufficient? 

t • - ^ 

a. The vehicle^ahpuld bo towed in low ran^e. 

b. The vehlcleBL)uld be towed in high range. 

.0. Tlie slave caj^ should b§ uged to connect the vehicle to an external source of 12- volt 
direct currpnt» 

d. The slave cabla should be use^l to connect jthe vehi.cle to an external source of 2 4- volt 
direct current. 

15. How many lovers are used Wcontrol all functions of the 72-31 MP Terex tractor hydraulio^ 
system ? ' 

a. 2 c. 4 * <i 

b. 3 , d. 5 # 

$ 

16. When the vehicles are being towed foY- a relatively long distance, what preparation MUST 
first be completed? - * 

" • . » 

a. The transmission must be in neutral. 

b. Both di>ive shafts must be disengaged. 

c. The ti^ansmisslon fnust be In high I'ange, 

d. The front drive shaft must be disengaged. ,* . ' ^ 

^17. Wliich adjustment must be made manually by the 6000-lb foVklift truck operator? 

a. Tilt i^ig forward of the carriage and fork assembly 

b. Spacing\f the forks . ^ 

c. Shifting of the forks i 

. d. Retraction of the carriage and fork assembly 

' - I ■ ^ 

18. Whe^n hauling a load^ the operator shoiild tilt^he fprk assembly ^ 

■ ^ ' * i 

a. forward and carry the load just high enough to clear the ground. 

b. backwar<rsind c^j^ry the load 3 feet off the ground, 

iC. backward and c^rry the load justTiigh enou^to clear the ground. 

d. forward and car^y the load forward "9 feet o^fehe ground. ^ 

19. Wlien stopping the 6000-lb forkllft truck, you should 

« - 

a. release pressure on the accelerator*and apply even pressure to th^ brake pedal. 

b. ^ apply tfie emergency brakes. " 

c. sKlft the transmission to neutral and apply even pressure on th^ braked.- . ^ 

d. ■ shift the transmission to neutfai and apply the brake lock» 

. . ^ . , ' ' . 

20.. To energize all electrical circuits except the slave receptacle, the c^se MC 4000 " , 
forkllft Is equipped with a ' 

a. throttle control. c»- master switch. ^ , ? 

b. Ignition switch^ d. circuit switch. 

21. Which of the following Items Is part of the before-operatldn service on the MC 40Q0 
forkllft? * 

a. Air cleaner c. Drive belt ^ ' * 

b. Radiator " , d. Tires 

* . • 

22.. Before starting the MC 4000 forklift, check to see that .the parking brake is set and make 
sure that the t rans mission Shift lever is in tHe ' " position. 

► - . 

, a. locked c» neutral 

b. engaged ' d. -rearward 



13. 31 • 
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23, What type-of steering does thfe 72-31 MP Terex tractor use? 



^ a, Riick and pinion 

b. Articulated f' 



c. Air as«iat 

d. Four-wheel 



24. The model 72-31 MP Terex tractor {Marine Corps versl^on) may be equipped with either a 



4- 



a. bulldozer blade or bucket," 

b. Drott 4 - in -1 bucket or a forkllft attachment, 

c. bucket or snowplow. * 



25. On the 72-31 MP Terex tractor, what are the four lift control lever posi^ona? 



\ 



Float, lower, rtilse, and tilt back* c. 
Float, lower, raiae, srnd dump d. 



» lower, hold, and raise 
lower, raise, and L*R shift. 



26. On the 72-31 MP Terex tractor, what Is located on the Drott 4-in-l atti^chment^to aid the 



operator? 

a. ClSxn and blade position indicators 

b. Transmisaloi/ Instructions 



G. Sectionalitatidn instructions 
d. Lubrication instructions 

^27, The 8crew-type jacks \n the section alltatlon skid a8aemjt)ly We used to 

separate the main sectiops of the vehicles, 
b. draw the it^aln %efction8 together. 
* ii' c. support the axl^ssemblies. • 
\ d. support the two nfain sections. ^ 

28. Prior to sectlonalizing a vehicle, you should NOT 

x« \ ^ J. ^ . . ^ 

/' a. locate *it yn level terrain. 

' b. ctieck the sectioaalization skid aspemblies. 

' .c. drain the hydraulic systems, 

d. make sure it is in pp^atlng condition. 



V 



4; 



29. The guy assemblies should be installed between the ring In the basepftke screv-typ* J»cks 



and 



'opposite the corner of the frame. 



s 



^ horizontally 
b. vei^tically 



c. diagonally 



30.' In s«*itTihi5llzing thi equipment, if all connections have been dlsconnei^t**!, what !• removed, 

„ a. The laminated ga8k*<8 c. The 12 cap screws 

b. The 6 hol^s d. The spllned shaft ' " 



A- • 
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Chapter 6 



MISCELLANTOUS'l^UlPMlONT 
Section I, ROl,LER§ AND DISTRTBUTORS 



6-1 



;ODUCTIOT4,:^, 

The^e are two types of road and airfield consinictioh equipment on which you will recelvq 
very little practical application training except when^ performing actual construction. The self- 
propelled roller and the asphalt distributoV are ^eldpm used during a^outine training periods. 
HoAvevec they must be maintained in operating condition and ready for use when needed. You 
may be assigned as the operator for one of them and you should be prepared. Although training 
on thede items Is seldom scheduled, you can learn how to inspect, eerylce, and operate them 
propefly if you will use your Initative, You cah stud;^ the TM's and operatCr'B manuals, seek 
Instruction from the dispatcher and equipment chief, and request permission to operate them 
when you ar^ not busy with other iobs. Very seldom does the Marine Corps lay an asphalt 
surfii^e, but -When it di^bs you^ill be depended on to be able to opercSfo the equipment, 

«i ■ f ' 

9-2.*^ FIVE- J'O EIGHT-TON TANDEM ROAD ROLLER * 

a, GeneraL Rollers are used mainly for compacting road and airfield subgrades'and for 
compacting and smoothing pavipg materials other ♦than portland cement concrete, A smooth- 
st^el roller is used fonboth compacting and smoothing. The 2-axle tandem roller (tig 6-1) has 
a^'single large-diameter drive roll at the front and a single smaller-diameter guide roll at the 
rear7*Tlollers usually weigh .from 5 to 8 tons. Tanderhs are the best machlnestfor initial and 
finish rolling of cold-laid bituminous paving and for finish rolling of hot-laid bituminous paving. 
Finish rolling with a 2-axle tandem requires lengthwise, diagonal, and crosswise rolling. Tan- 
dems may tQso be used for contpacting thin layers df soil. They shouj^ not be jised for compaq- 
ting base courses of hard, angular material because their roll surfaceiS are easily dented. 




Fig 6-1. Huber~War<;o tnodol R6760M 5- to 8-toi\ tandem road roller.* 
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(1) Ball&stlnfl^ Most ppwer rolli^rs with enclosed, drum -type rolls can be balUaied for ^ 
addltlonia weight by filling t\ie rolls with sand, water, or a connblnatlon of sand and 
water. Sahd Is the least desirable method due to the difficulty of putting It In and rennov- 
Ing it. Antifreeze must also be used In the water In cold climates since the rollers will 
burst if vyater is used and freezes. A 2-axlo tandem which Weighs 5 tons empty will 
weigh about 8 tons when ballpjited with water. 

(2) Scrapers^ On most smooth-steel power rollers, each roll Is equipped with a pair of 
scrapers. When the scrapers are set, they are held In light contact with the i-oU surface, 
so that they scrape off matelal wh|ch would Otherwise build up and mar the rolled sur- 
face. When desired, the scraperrf can be locked out of contact with the roll. 

(3) Sprinkler systems. To prevent certain types of materials from sticking to the roll sur- 
faces, moist roll surfaces are required. Most power rollers are equipped with sprinkler 
systems for this purposes. A vprlnkl^r system consists of a water tank, from which water 
Is piped to i^^cocoa mat (brush-like device) on each roll. The sprinkler system Is used 
for operating on bl»ck top or hpt-lald bitujnlnous surfaces. 

b. Operating contrplSt The controls and Instrun^ents are shown In figured 6-1 and 6-2. The 
machine Is powered pi QMC 2-cyllnder diescl engine which Is equipped with the customary 
dlesel engine Instrum^ts and controls. These, ^re: * the Ignition switch, ammeter, fuel oil- 
pressure gage, emergency stop lever^ and the englhfe' throttle lever (14, fig 6-2). 

(1) The roller Is equipped with dual operating coritrols for either right or left seat posi- 
tions (fig 6-2). . The clutch con tr^^ levers (1) provide a forward and reverse direction. 
Move the lever forward to engage thte forwarji; ^lutch and the machine will move forward. 
Mbve the lever backward and the machln^ reverses direction. When the clutches are 
properly engaged, there will be & dlstlnct\^>nfep-ln" feeling. 

(2) The steering control lever (3) Is ipounted in the top center of the frame. Move the lever 
to the right aAd the roller will turn right; move It left and the roller wllrturn left. 

(3) The gearshift lever (21) is located In the center oVthsgTranne below the operator's seat. 
Move the lever forward for low range and backward for high range. The operating 
clutch lever must be In neutral before yau shift gears. 

^4) The service brake Is operated through dual foot pedals (16) one at each side of the op- 
erator 's'platform. The water sprinkling pedals (15) should be depressed to start the 
sprinkling valves when you want to spray water on the rblls. 

(5) The emergtncy or parking brake lever (17) Is located in the center of the operator's 
platform, to set the brake, pull the Jever up or tbward the op^lTator. The hydraulic 
valve selector stem (20) Is used to regulate the speed of steering. Turn the valve clock- 
wise to Increase the steering speed and counterclockwise to reduce the steering speed. 
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1. Clutch -control lever 

2. Hydraulic tank filler cap- 

3. Steering control lever 

4. Tachometer • 

5. Ignition switch 

6. Starter 

7. Fuel oil pressure gage 

8. Radiator filler cap 

9. Coolant temperature gage 
10. Engine atop control 

!!• Engine oil pressure gage 



pedals 



12, Fuel level gage 

13, Ammeter 

14, Engine throtUe lekrer' 

15, Water sprinkling 

16, Service brake ped||Kl 

17, Parking- emergency brake lever 

18, Fuel tank filler cap 

19, Sprinkling system filler cap 

20, Steering speed selector 

21, Gear shift lever 

22, Cold weather starting aid 



Fig 6-2, Controls and instruments. 



ERIC 



6-3 



237 



■ ' 'J , - 

c. Operating the roller. ^ 

(1) Before you start the engine, make theaisual presttirt checks. Place the gearshift lover 
and the operating clutch lever in the i^«Wral position. Open tlie throttle to the hnlf-speed 

'position, turn the Ignition Switch to the "on" position, and press the starter button. After 
the engine starts, check the engine oil-pressare gage for proper pressure,* 

(2) To start the roller moving, move the gearshift lever to the desired position. Advance 
the engine throttle to ha)^ speed and mo\;e the operating clutch lever fo\;war(i-or back- 
ward, depending on the desired direction of travel, until a distinct "enap-^in" is felt. 

C Always start gradually from>a' dead stop tp avoid straining the machine and marring the 

rolled surface* When changing from forward to reverse motion, or v{ce versa^ put the 
operating clutch lever in neutral and allow the roller to drift to a dead stop before en- 
gaging the lever in the opposite direction. When rolling bituminous surfaces, you. must 
have smooth "starts" and^'stops" to avoid causing depressions In the surface. You do 
. thft by engaging the operating clutch gradually - -not Vvlth a* jerk-In motion. 

# 

(3) Keep Jhe sprinkling mats wet to prevent the rolls from picking up the Jiituminous 'ma- 
terial and causin^^ pockets In. the surface. On hot miK surfaces, avoid excessive steer- 
ing to eliminate the swirls caused by the guide roll. On hot mix surfaces, ope^rate the 
roller at low speeds until the surffice h^s "setup, " then roll out the ridges at hlgK speed. 

flPr, QverlQp the previous path by about 1 foot to avoid leaving a ridge* On ^11 dirt or stone* 

operate the roller without the. sprinkler. When rolling, start at the ditcH line and workl^ ' 
, in toward the center. ■ * ' 

(4) The service brakes may be used to stop the roller. If the rpllfer is to be parked on a 
slope, set the emergency brake. To stop th(i engine, set the engine throttle. Turn the 

• H ignition switch to the "off" position and turn off the fuel shutoff valve. 

.V 

a. Roller safety. A roller is easier to overturn than most other pieces of const^juction equip- 
ment. Rolling on a side slope should ajways be done at right angles or diagonally rsfther than 
lengthwis^. Steer carefully when rolling at a shoulder, to avoid ^llpslzing into the ditch, and 
never bring a roller near the edge of a cut. If you are rolling in cold weather, be careful to avoid 
any sheets of ice. As soon as the drive roll on a roller hits a sheet of ice, the operator com- 
pletely loses control of the machine. \ 

•6-3. ASPHALT DIST^RIBUTOR / 

a. Purposet The asphalt dis trlbutor^lgs 6-3 and 6-4) Is used In the construction of surface 
treatments, road mix surfaces, ancTpenetration macadam. Its basic function ds to apply the 
bituminous material to the surface accurately and uniformly in the desired amount and width. 
The application ra^e of the dlstrubutor is controlled by the width of the spraybar, - the pump out- 
put, and thfe forward speed of the truck. 

(1) Nornial f unctions_j^ The circulating system (pipe and valve arrangement) Is designed to 
perform several jobs that are necessary to a well-balanced unit. Theee functions in- 
clude the following; 

(a) Fill the distributor tank from a tank car, transport, or storage tank. 

(b) Act as a transfer unit. It is capable of filling a supply tank from a tank car trans- 
' * port or storage tank without having the bitumen enter the distributor tank.' 

^ (c) Circulate the bitumen in the tank while it is being heated. ^ 

(d) Pump bitumen through either or both spraybar feed lines. 

(e) Cut off the spray at the nozzle and return material in tj^e spraybar and distributing 
lines to the tank. * 

(f) Supply materials to a hand-spray unit. 



238 



ERJC 




♦ 



^ 11 i ar y Tunc tf QUO ^ Sovc-ral oIIkm- lun-fiil runcUouM ihut tlu- anphnli flis u il)Ul()r can |>c*r- 
form nro: ^ ^ 



L 



(a) Tranaporl Itink for blturniaous nialei-lals, water, or oUier liquids wijlcli art; nol con- 
laminated by, or'wil) nql qon laminate, the distributor. ^ ' «^ 

.(b) Acl na g cfrcuUxUng heater, ^ 

(c) Act as a water sprinkler.' 

^" Operation, This paragraph will Cov<\r the distributor, bltaniinous material, tank- type, 
1, OOO^gtiilon, truck*-mounted, forced-feed, gasollne-englnc-poworad, Elnyre model MX-rfE, ;rhe 
dlalributor haa the neco«sary controls and gages to control the functlono listed in paragraph 6-3a. 
The principal components and 9ome_operating suggosltons are.covtftcd briolly in this section; 
for detailed operating instructions, consult the loclinical manual /or the distributor. 

(1) lyUa.lpr comp Qnanta. "I , 

"^Qtlik, The asphalt tank la made of steel and welded inside and out for double security. 
Two surge plates, arc used Insido the tqtnk la prevent sudden shifting of the material,* 
The tank is equipped \vi\h handrails, overflow, manhole, inside valve, thermometer 
well^ lifting rings, tank gage, heating-llues, and a stack oiillot b/r the heating system. 

(b) Operator's plsttfprn)* The^ platfurm ijB located at the left rear for coifvenienl operation 
of all controls, Aybell signal system is pro\Hded between* the distributor operator and , 

♦ the truckdrlver, 

(c) Tank gages, The amount of mTrteTTal in llTe tank may be read jTrom the ball float- type 
tank gage or by using the measuring stick whicli is graduated in 25-*gallon increments. 
A thermometer which re^iatcrs to GOO^F is used to give a true average teznperatiire 
of the material in the tank. I 

P^"^Pf The pump Is a heavy-dul^s rolarj^gear type. It Is capable ofLsupplying bitumenv 
to the 26 -foot spraj'bar with enough pressure to produce an even, fanjike spray from * 
all nozzles, at any range of application, within th^ distrlbutipn range of from l/lO to 3 
gallons per square yard. Capacity is 375 gpm (gallons per minute). 

(e) Burners. The distributor has two atomizing-type, low-pressure burners, complete 
>f/Jth blower and fuel pump,' The burners will burn an gVades of diesel fuel. The 
blower and fuel pump are engine-driven. \ \ ^ ^ 
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(p'^ ^'ransmiasion. Two-spood, low gear f<^r licfhf appli<]|(tjln and pumping heavy ma- 

terial, hjgh gear for heavy Application wit^r^e full-length spraybar. A hand-operated, 
'^'X* snap-over-center type of clutch is used ^o-rftake or break the flow of power between 
\\the engine and transmission. . ' ^ . 



^ Spr/!ybar> The «pr<lybar is a turn~up, foldijig extension type on which the end sections 

^ " — yyC^C quickly adjustable in increments of 1 and 2'feet to any l^^igth up to 

- /26 itet. Tne bar height is adjua'ted by slops under the operator's platform. The 

^ spraybar can be ajjlfted laterally 14 inches, 7 in<:he9 eafch side of center, making it 

easy ^to fallow a given line. The end sections may be fplded f^r traveling. The Sfjray 
^ - ^ nozzles are I " ' *^ . ^ -a. 
Map. Blankir 
^sectjlo^n of the sm^ybar, 

(h) Blt»me^er.^ The bitumeter or fifth wh^el located on the left side of the truck chassis 
drives thd^bitumeter which furnishes the operator with the exact speed of the unit in 



i nonclogging. Unl-Flo type, 'fhey are spaced on 4~inch centers for triple ^ 
inJ nozzles (1/2-inch pi[!fe plugs) are provided to stop spray from any given 



feet per minurc^.and also the number of feel traveled. The fifth wheel Is raised or 
lowered by th^.o^^rator and it should be lowered only while distributing. 



(i) Portable burner, The unit is equipped with a llauck fire-gun, 'coniiiete with carrying 
' strap, hose, and pr^^heWng'p'an. A tip is provided for burning -"-^^^ — 
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(j) Hand Bpray. A 25-foot section of 1-lnch, ftBbesto»-packed, metallio hoee, with a hand 
0prfty gun, l8 provided. The hand spray operates off the distributor. 

(2) O perating auggestlons^ ^ 

(a) Nozzles should be turned so that the angle between the nozzle slot and the spraybar 
cehterltne is approximately 22^. Increase or decrease the angle slightly if ci^osa 
streakaVippear on the road. , 

(b) For triple lap, the spray nozzles should be approximately 12 Inches above the road 
surface. ■ ^ . ^ 

(c) Pump speed should be lyufficient to give a sharp, straight-edged spray from th« nozzle. 
Increase pump speed or material temperi^ture if the sprays are not sharp* 

(d) Clean the intake and discharge straitiers periodically. 

(e) /When filling the tank, operate the pump at the ?ate of about 150 gpm, or at the speed ^ 

that the pump runs most quietly. 

(f) To accurately determine the amount of material In the tank with the tfknk gage or meas- 
uring stick, make sure that the distributor tank is level. 

(g) If the distributor has been previously filled with tar or bituminous material, do not re- 
fill It with the other unlike material without first thoroughly washing out the unit. 

(h) Do not hll the distributor until all flushing oil Is drained from the tank aqd the cir- 
culating system* 

. ^ I 

(i) Allow 5% for expaneion when filling the tank If the material is to be heated in the, 

* distributor. 

(j)' Do not force the pump when it is bound by cold material until you thoroughly heat it.. 

(k) MaterJtd may be stored in the distributor provided that the flues are covered to permit 
rehealitilg. ^ . ' 

. Safety prjecautlons. Most of the safety precautions concern the operation of the burners. 

(1) Heat should not be applied until the flues are covered with a minimum of 6 inches of 
material. ' - 



(2) Open the stack cover *before lighting the burners. «5« 

(3) l5o not leave lighted burners unattended. 

(4) If the flame' goes out, turn off the burners immediately. 

(5) Never use gae^pline in the burrfers. - 

(6> Do not heat material above recommended spraying temperature. 

(7) 'po^pot put gasoline In the engine, fael tartk while the burners are operatlng.v 
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Section II. AIR COMPHESSO^S AND ROCK CHU.SHKH 
6-4. AIR COMPRICSSORS 

a- In troduction. Usually, one of the first pieces of construction equipment that an equip- 
ment operator comes in contact with is the air compressor and Its wide variety of pneumatic 
tools. The air compressor is an efficient and versatile tool which can be used during almost 
§dl stages of military construction. Connpressed air is used extensively for such jobs as saw- 
ing, drilling, spraying, and Inflating. Basically, an air compressor is a machine for com- 
pressing air from a low initial Intake pressure to a higher exhaust pressure itirough a reduction 
in volume. It consists of a driving unit, a conipreeaor unit and their accessories. The driving 
unit may be either a gasoline or dlesel engine. Although there are many different makes and 
models of compressors, 'most of them are quite similar. They are governed by a pressure con- 
trol system which ig adjusted to coiYipj:ess air to a ma:>^imum pressure of nhout 100 psl. 

b, Rotar^ oompreBflon f 

(1) Introduction . In recent years the Marine Corps has purchased two sizes of rotary-type 
compressors, the 250 cfm and the 600 cfm. One is skid mounted and the other is wheel 
mounted. The rotary compressor unit is a self -con talneJr unit connected to a gasoline or 
dlesel engine through a direct coupling, belt system, or clutch. 

(2) Components and function . 

(a) CpmprfeBsor (fig 6-5). This u>vit consists of a cast single stage stator. CQjcopressor 
rotor, rotor blades, end coversV flywheel housing adapter, and Cj^ttpttr^ The rotor is 
mounted in the stator slighUy offNienter. It is supported by the dnd divers and rotates 
on two roller bearings. As the rotor rotates, the rotor blades are forced out against 
the stator by centrifugal force. An ai^-oll mixture Is trapped l^etween the blades, the 
^ rotor, the stator and end covers.^ Because the rotof is slightl/off cente^ t|i? trapped 
air Is compressed as the rotor turns and Is forced out the discharge opening to the 
oil separator. There the oil ie separated from the air by means of a filter. Thp air 
is passed on to the service valves for use and the oil is recirculated through the 
system. A minlrx^um pressure valve on the oil separator assembly maintains a pres- 
sure in the assembly to aid In air-oil separation and recirculation of the oil from the 
separator through the compressor. 

^ \..y 



STATOR 



AIR INTAKE 
CONNECTION 



COUPLING 




OIL 
FILTER 



THERMAL 
BYPASS 
VALVE 



COMPRESSOR 
SUPPORT 



•THERMO- 
SWITCH 



Fig 6-5. Exploded view of the the- 250-cfni rotary compressor and thermal bypass valve, 

(b) Thermal bypass valve (fig 8-5). This valve \a mounted to the compressor stator and 
controls the oil flow from the separator ass^bly to thejilter and compressor. All 
the oil is filtered before being circulated thr'augh Uie ^feypripressor. When the oil is 
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cold, the thermal bypaee valve directs the oil through^the filter and Into the compree- 
0or.' After the oil reaches approximately 150^ F. a p^n,or all of tJie 611, defending 
on temperati,ire. Is directed through the Oil cooler btfifo re being filtered. ^ The valve 

r ^ will mix hot oil from the separator and the cool oil from the oil cooler to maintain a 

constant oil temperature, A thermoswltch. whlcl^ operates because of ho^t from the 
oil. Is mounted in the compressor support Just below the thermal bypass valve. It 
opens and closes an electrical circuit that Is connected to engine components that will 
stop the engine if the^compressor oil overheats. The oil filter is mounlf a on top of 
^ the thermal bypass valve. 

/ (c) Air Intake- unload er aasembly. This component is mounted to the Intake port of the 

stator housing and works In conjunction with the speed control, assembly to control 
the loading and unloading .of the compressor and the engine TPi^i. An adjustment on 
the speed control determines the pressure at which the Intake- unloader assembly will 
function. When the air In the ^parator assembly reaches the desired pressure, the 
intake -unloader will close the intake. The compressor cannot get any air to compress 
when it is closed off. When the intake -unloader closes, ^the speed control functions 
to Idle the engine. The intake-unloader also closes off the intake when the machine 
is shut down, preventing oil and air mlxturjes from the rotor stator assembly being 
vented to the atmosphere. ^ ] 

c. Capabilities and lixnitations, • ^ • , 

^ (i) CftPaqlty, The capacity of an air compressor is determined by the amount of air <at sea 
level) that it can compress to a specified pressure, usually 100 psi, ,ln 1 minute, under 
atmospheric conditions of 68^F and-38% relative humidity. This amount is 'expressed 
in cubic feet per minute (cfm) and is usually included in the nomenclature of the com- 
pressor. The number of pneumatic tools that can be operated at one time from an air 
compressor depends on the air requirements of the tools. For example, a 55-pound 
class rock drill requires 95 cfm of air at 80 psi. A 250-cfr^coinpressor can easil" 
supply enouffh air to operate tVo ophe drills since their coi^ined requirements wiU-oe 
• 190 cfm. Hfwever, if a third sOteh drill is added .to the con>^ressor, the combii)e^e- 

f mand will be 285 cfm, thus overloadirig^the Compressor and causing serious ^vear.\ 

When thq^pressure and volume c^f air to a pneun[iatlc. tool is reduced to 10% below the 
set minimum, ^e efficiency laTlowet-ed by 41%; 

(2) Altitude. Altitude musics/ be considered when you use air compressors. A single- 
stage reciprocating air c/mpressor will lo«e approximately 2% of its initial capacity 
per l', 000 feet of elevatld/up to 10, 000 feet. Above this, the loss wip incrnf se more 
rapidly. Figure 6-6 shof s the percentage*f volumetric efficiency for a slncle-statfe 
reciprocating compressor at different altitudes based on 100% efficiency at sea level 
and 100 pounds pressure.- The efficiency of rotary compressors is not affected bv 
altitude as much as reciprocating compressors. 



Altitude ^ ^ Percent of efficiency 

2, OOafeet 98. 7 

5,000 feet \ . . 92. 5 

8>Q0O feet ^ 

' 10,|00 feet , ^. ..... 84. 0 

^ ] • 

Fig 6-6. Efficiency of air compressors at various altitudes. 

(3) Compressor mounting, Compressors for military construction may be mounted in one 
of four ways: truck, trailer, skid, or wheel. Each ha» advanta^^ps and disadvantages. 

-V ■ vis ■ 

(a) Truck-mounted, An advantage of the truck-mounted compressor in its mobaity. It ^ 
. • is well suited for projects whiph require frequent moves, such as foad work. • The 
disadvantage is that two arlits are tied up for the use of one. When the compressor 
is deadllned, the truck is not In use. and vice versa. • . 



^) Whe el- and trailer -mbunted . Wheel- and trailer -mounted units have the advantage 
of not tying up an extra unit while operating. A prime mover is required to move 
these units from one glte to the other, but once in place the prime mover mpy be dis- 
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connected atid used for other purposes. Wheel -mounted cornpressoaji^ sev^»ral 

pW tl 



end 



disadvantages: The frame or chassis is weak and it is possible to pBn the from 
out from under the unit by hitting a bump at a high rate of speed. Most wheel mount- 
ings have a turning radius of .about 30^ and an operator can turn too sharply anlfl 
damage the tongue. The older model wheel ^mounted air ^compressors are top heavy 
and do not track well beh^d the. prime mover. Mmi of the air compreasors in the 
Marine Corps are wheel- or trailer -mounted. 

' - T . • ' . 

(c) Skid-n>ounted> This compressor }s primarily designed for permanent-type jobs ^ 
where mobility is liot im^rtant. ^ 

(4) Friction l/ne losses, A rubber hose Is generally irsed to connect the tool to the air 
compressor and convey the compressed air to the tool. The hose lining resists the* 
flow of air, therefore the pressure at the tool is' less than at the compressor end. The 
air line friction increases as the diameter of the hose decreases and the length of the 
hose Increases. Through practice it has been determined that a 200-foot, standard 
3/4 -inch diameter hose is the maximum length to which a handheld tool can be con- 
nected without requiring you to calculate the friction loss to determine if the tool will 
operate efficfently. 

6-5. COMPRESSOR OPERATION * ' ^ % > 

a. Davey 250 cfm. The operation of the Davey air compressor, 250 cfm, skid mounted, with 
a diesel engine power unit (fig 1-19) will be discussed here to give you an idea of how one of 
the* jBeveral types of air compressors used by the Marine Corps is operated. Remember that the 
sole source of complete ^nd authentic information is the operfsitor's manual or technical manual 
for the particular air compressor you happen to be operating, 

# . ■ 

(1) Instrument and c9ntrol paneh The instruments and controls for starting the engine 
arid operation of the compressor, except setting the operating pressure, are lopated 
on a panel on theVight rear of the engine. The location apd function of the instruments 
and controls on the panel are illustrated and describe<J in figure 6-7. The adjust- 
ments for setting the pressure and engine speed in relation to air demands a^e made at 
the engine speed control located just behind the instrument panel on the left side of the 
engine* 

r 
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Fiff 6-7. Davey 25^(1-cfm rotary air compressor instruments and controls. 



{2) Operation* 

(a) Startlnf^ . Perform all (he before operation services listed on the Engineer Equipnnent 
Operational Record and those items listed in the TIVI. After the compressor has been in- 
spected> atid is safe to operate, follow the procedures outlined Ife^lOw to crank the 
engine and begin operation. * 

1^. Turn the instrument panel lamp switch on and open the outlet valve on the hose reel 
and the service vtilve. 

2, Pull the engine stop cable out to the stop position and crank the engine over for ap- 
proximately three seconds by pressing the starter button. 

3. Now push the stop conlrol cable in and pull the idle control cabl6 out. 
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BEST COPY AVAILABLE 



(b) 



4. With the cfltiitrols In this position, press both the gtarter button and thQ eafoly switch 
but.ton at thd same time. Do not crank the engine longer than 30 Seconds at one time. 
Allow theeriniking motor to^cool for approximately two minutes after each 30-6econd 
cranking period/ If the engine fails to start after three or four Attempts, have it 
checked to determine the cause. Release the starter button immocUately after the 
engine cranks. Release the safety switch butlon after the engine oil pressure gage 
shows a reading. Stop the engine if the oil pressure fails to show a satlsfa9tory 
reading within 15 seconds after the engine cranks. 

5, Wheiv/tTiS'^engine starts, adjust the idle control so tTiat the engine will run at a fast 
idle (1, 000 rpm). Let the engine operate at this rpm until the temperature gage 
reaches approximately 140^ F, . 

After the engine has warmed up, push the Idle control cable in and close the service 
and hose reel valves^ Check the readings of all instruments and inspect the com- 
pressor while it Is buildiSg up pressure- The pressure will build up to the pressure 
se^ at the speed control and the e^iuipment is ready for use. 

Operating adjustments^ The location of the adjusting points and the steps to follow 
When making the adjustments are shown and described in figure 6-8, While.the com- 
pressor is operating, continue to check the instruments and the equipment. 
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BREATHER OIL FlLLEft PLOO 

DAMPING 
ADJUSTMBfrr 




OVERTRAVEL 
STOP SCREW 




UNLOADING PRESSURE 
ADJUSTMENT SCREW 



STEP I- BEFORE STARTING, QACK THE IDLE 

SPEED ADJUSTMENT NUT OFF, RELEASE 
OVERTRAVEL STOP SCREW LOCKNUT 
AND BACK SCREW OUT, RELEASE 
UNLOADING PRESSURE ADJUSTINC;;^ 
SCREW LOCKNUT AND BACK Sf REW OUT. 

STEP 2: START ENGINE/ OPEN AIR OUTLET 

VALVE AND ALLOW COMPRESSOR TO 
BLOW TO ATMOSPHERE FOR 15 MINUTES. 
THEN CLG6E OUTLET'VALVE. THE 
COMPBIC8SOR \VLL NOW UNLOAD BUT 
THE ENGINE WILL NOT SLOW DOWN. 



STEP 3; 

STEP 4: 
STEP 5: 



SCREW THE UNLOADING PRESSUHP 
ADJUSTMENT SCREW IN UNTIL THE 
PRESSURE GAGE ON THE INSTRUMENT 
PANEL INDICATES 102 - 105 PSl, TREN 
TIGHTEN LOCKNUT. 

ADJUST THE IDLE SPEED NUT TO THE 
CORRECT iDLti SPEED, 800 RPM. 



RECT iDLti 

SCREW li^XHE OVERTRAVEL STOP SCREW 
UlfTIL rr ,ft^ TOUCHES THE LEVER 
AND THEN TIGHTEIN LOCKNUT. IT IS 
VERY IMPORTANT THAT THIS ADJUST- 
MENT BE MADE PROPERLY. IF THE*i 
SCREW B TOO FAR FROM THE LEVER, 
THE UNIT MAY STALL ON DECELERATION 
IF tHE SCREW IS NOTt ALLOWING THEil^ 
LEVER TO TRAVEL ITB FULL AMOUNT, 
THE UNrr MAY STALL ON ACCELERATION 

6. OPEN AIR OUTLET VALVE TO BRING THE 
ENGINE UP TO FULL SPEED AND T^EN ^ 
CLOSE VALVE. IF U^IT DOES ROT RE- 
TURN TO SAME IDLE, BACK OFF OVER^ 
TRAVEL STOP SCREW, READJUST IDLE 
SPEED ADJUSTMENT NWT AND THEN 

' RESET 0\ERTRAVEL STOP SCREW. 



STEP 



IDLE SPEED 
ADJUSTMENT 



STEP 7; RELEASE THE DAMPING ADJUSTMENT 

LOCKNUT AND BACK SCREW OUT ABOUT 
THREE TURNS. OPEN AND CLOSE AIR 
OUTLET VALVE ABOUT 10 TIMES, EACH 
TIME ALLOWING COMPRESSOR TO 
RtA^H FULL SPEED OF 1800 RPM WHEN 
THE VALVE IS OPEN, AND IDLE SPIED 
' OF 800 RPM WHEN VALVE IS CLOSED. 
THIS WILL WORK THE AIR OUT OF THE 
DAMPING DASHPOT AND CYLINDERS. 
DURING THIS OPERATION SOME OIL 
SPILL OUT OF THBf BREATHER PUE TO 
THE QIL RESERVOIR BEING OVER FILLED 
AFTER THE EXCES3 OF OIL IS PUMPED 
OUT, NO FURTHER OIL WILL BE SPILLED 

STEP 8: OPEN THE AIR OUTLET VALVE SO THAT 
APPROXIMTTELY 1/4 OF FULL FLOW 
RATE OF THE MACHINE IS DBCHAROED. 
IF THE MACHINE HUNTS, SCREW W THE 
DAMPING AAJUSTMEOT SCREW jlNTlL 
HUNTING STOPS. NOW T^V VARfcUB 
FLOW RATES PROM FULL LOAD TO FULL 
UNLOAD AND SEE IP CONTROL 6 STABLE 
OVER FULL RANGEi IF THE CONTROL 
HUNTS AT ANY PART OF THE RANGE, RE 
ADJUST DAMPING ADJUSTMENT SCREW. 
THE CONT^IOL IS NOW FULLY AlMUSTED 
AND THE UNIT B READY FOR OPERATION 



Fig 6-8/ Engine ripeeS' control adjustrnents for the 250-cfm rotary compressor. 

SiufpmenTSperational Record. Secure mTtools. hose, and the compressor before 
turning in the records and forms to the dispatcher. 
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Qpgcatlng techniquea^ 

(1) Equlpihent location, 
* 

(a) The compregior •hould be located upwind from the work site to keep duat and sand 
out of the air Intfike^ 

_ •» 

(b) The compr^ifo^ ahQuld be positioned so that the prevailing wind will assist in cool- 
ing. Oper\ the side panels during warm-weather operation and close them during 
cold weather. ■ ^ - - t , 

(c) The compressor should be kept as level as possible during operation ^nd should nev 
bo operated when tilted more than 15^. Mfike sure thatljfe compressor is on firm 
ground. . • 

> <d) The compressor should be placed as near as possible to the work to reduce afr-line 
length. ♦ , 

(e) Locate th6 compressor so that it can-provide air for the entire operation with a 
minimum amount of moving. 



er 



(2) Overloading^ Overloading shortens.the compressor Ufe span considerably. Overload- 
ing occur* when the total air requirements of the attached tools exceed the rated ca- 
pacity of the com^essor. When compressors are overloaded for prolonged periods of 
time tfitey are damaged by overheating and the attached tools function inefficiently or im- 
properly. When low tool efficiency seems to indicate overloading, but there are not 
enough tools attached to cause such overload, air lines should be checked for leaks. 



(3) Maintenance^/^ 

(a) All drain cocks should be periodically opened during prolonged^operations to drain 
'condensation, thus eliminating rust or danger of freezing. 

(b) Always drain the receiver tank of air when shutting down the compressor. 

6-6. ROCk CRUSHER 76-TPH MODEL 2036/ 101-S 

a. General . This paragraph is designed to familiarize you wjlth the *75-TPH rock crusher^ 
the Marine Corps' newest rock crusher. The complete detailed cmeration an.d maintenance pro- 
cedures can be found in the ^technical manual for this piece of tequlplnent. 

b. 75-TPH rock crusher, model 2036/101--S (fig 6-9 through 6-19). The 75-TPH rock 
crusher consists of a primary unit and a secondarjrunit. Each is a self-contained unit capable of 
cruBhjing rock and gravel of particular sizes. Each plant is coraposed of the following basic 
components: , * 

(1) JaT^rdPlishe^F T^The^item numbers in this subparagraph refer to fig 6-11), \rt^is con- 
sists of one statlonai^ and one movable jaw, *The stationary Jaw la mounted on the 
front crosi^tle and held In place by cheek plates. The movable jaw Is securied to a 
pitman by wedges. The pitman Is connected at one end of an eccentric shaft. As the 
shaft turns, it moves the pitman and Jaw connected to it. The lower end of the pitman 
is connected to a tension rod with a spring, on the opposite end (13. 14, 15). This rod 
. (15) pulls the movable jaw^way from the istatiQnary jaw. A toggle between the pitman 
%nd the rear c];;osstie holds the movable jaw in cfushlng position close to the station- 
^ «,ry jaw. The jaw openings can be changed by adding shims between the toggle and r, 
frame toggle seat (16, 17). When uncrushable material passes between the jaws, the 
toggle breaks^ allowing the tension rod to pull apart. This prevents the jaws from 
being damaged. , V v 
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6-9* Rock crti8her> 75-TPH, primary unit, model 2036. 
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1. Main frame - 

2. Stationary Jaw 

3. R. H. cheek plate 

4. U H. cheek plate 
6. Movable Jaw 

6. End Jaw wedge 

7. Center Jaw wedge 



8, Flywheel 

9. Rear covc?r plate " 

10. Jaw wedge bolt ^ 

11. Pitman 

12. Locknut 

13. Spring 

14. Tension rod nut 

Fig 6-11. Jaw crusher. 



15. Spring tension rod 

16. Shim plate 

17. Frame toggle seat 

18. Toggle 

19. Pitroan toggle-seat 

20. Cheek plate Ijolt, 



(2) Roll crusher (flgi 6-1*2 fk 6-13). The roll crusher is simply two heavy manganese shells 
that revolve on stationary shafts. The surface of the shells can be smooth or stepped, or 
may be a combination with one smooth and one stepped. The shells are driven by star 
gears. The openings btetween the shells are changed by shims held in place by compression 
springs: These springs act a-s safety rq^eases when imcrushable material enters the 

roll crusher (fig 6-12) » ' ■ - . ^ ^ 

(3) Screen unit. The screen unit consists of a number of screen decks, usually two, althoirgh 
there may be more or fewer inside a screen ^dy. This body; in turn restJ inside a 
main frame. An eccentric shaft, much liktf the one on the jaw crusher, is connected to 
the screen body. The boay, in turn, vibrates all screen decks at one time. Aj^ equallrxr 
assembly rigidly connyct^ the opposite ends of the screen body and gives the body the 
controlled circulai^ aciion established by the eccentric ^haft, Ono^end of the screen body 
is set lower than the other. As material is dropped onto the deck; it either falls through 
to the next screen level or goe^ to the Jaw crusher. The material that goeg to thf second 
deck either falls through to the i^xt deck or goes tojthe roll crusher. The material 

that goes to the lower deck is ready for the^lnal separatipn. Material smaller thari the 
correct site falls through the screen, while cQrrect-si7.e material goes to the final, 
product conveyor (fig 6-.12). 
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Flf 6-13. Model 101-S secondary plant -^--power flow diagram. 
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(4) Hopper section.- The hbppcr Section Ig immediately below the final screen deck (fig 6-12). 
nnd recciveu Jhe fthished products, A pair of adjustable vanes permil plther total 



separaiion <>f 'cor/ect-slze siQne from undersixecUnaterial or a mixing of the two in 

any proportli^i. The hopper delivers t*"^ ^ 

or both, depending on the vftne setting. 



any proportli^i. The hopper delivers th^flnnl pr^ucts to the delivery or reject conveyor, 
ng on the vane setting, ^ ^ , 



(5) Power units. The power units set crosswise on the plant frame and provide the power 
So run all drives. A GI\4 6-71 6914BN engine powers each unit, 

(6) Apron feeder , The apron feeder is the starting pofnt for malarial in^fi/ primary plant. 
Material in the hopper is carried toward the crqsher ijy^ a slow-moving steel apron,' The 
operator can control the amount of material gol^ig into the cruaher <by starting and stop- 
ping the apron, and thus eliminate overloadingj^f the cru8h«:i\ Jiws, As the matgrial 
reaches the end of thefapron. it (alls onto th^Yrix^ly (a scre^made of heavy bars),. 
Material too large to pass through the grizzly slides downiftto the crusher. Material 



(8) 



that passes through the grizzJ-S'-iaL^rnall enou^jh to be han<|od by a secondary plant and 
therefore need not be crushed by th&^-p*:imii*^ plant (fig 4^4), v * 



(7) Conveyors. Convoyors are used for transporting" material to an|iftom the plants as well as 
from one point fo another within the plants (figs 6-12 & 6-14).'^^ 



Hotary elevator . The r(^ary elevator, found oif thysecondary plafttjk is Simply a large 
wheel with steps arouT^d its inner circuinfer^nce. S^^aterial from a ^nveyor is dupiped / 
into it while it is turhing. The material is caugMfln a stfep and cari'ied upward as ^ 
the wheel revolves/ At the top of the revolution the mat^ial falls out of the wheel, by 
gravity, onto another^onveyor (fig 6-12). . , , 

) ^ \ > ^ ../J 

(9) Me c hanical feeder . The mechanical feedgr can be used^^wjf the supplying conveyor for * 

cithel- a. primary or a seco>nlary plant. As the mate rlkfW dumped into the hopper, r 
It in tui|i is evenly distributed on the feed conveyor. Th^moun^ of maferial supplied . 
to the conveyor is controlled by a »wlngingjjate. It wilS^en wide to ^^ow large , / 
rocks to pass and return to its original position to reguMiiB the Aow of material. | 



^ [ 




Fig 6- 14. Model 2036 primary plant. . 



Setting up the plant . The plant site should be leveled and^eady for the plant when it arrives. 
After the plant has been located, it should be Jacked from the grM^d and securely blocked-ii. 
with 8 ^ 8's or other suitable blocking. This blocking should be placed beneath the axles ryM 
directly under the frame rail, (^tobb braces should be applied to the blocking to prevent it 
from turning. After the blocking has been completed, check to make sure that the plant Is 
completely level and that the blocking will not Interfere with the conveyors when they are attached 
to the plant. Finally, attach tho front axle stay-bolts on each sidevof the plant and tighten 
secureVy. Recheck these bolts after the plant has been in operation several hours. 

t^. Initial operation checks . Before the plant is put into op^fration for the first time, the 
following checks and procedures mus| be performed. 

(1) Fill the fuel tank with a clean fuel of the proper quality. Always use a filter when 
filling the tank. 



(2) Check the radiator to be sure it Is properly filled, 

(3) Be sure the various gages >)egin to register as soon as the engine is started, 

(4) Before engaging the engin^ clutch, examine the machinery to make sure that no obstruc- 
tion prevents normal operation. 

(5) Momentarily engage the clutch and turn the machinery slowly. If all parts are operating 
prop&rly, engage the clutch. ^ & 

(6) Allow the engine sufficient time to reach operating temperature before putting it to work, 
e, Conti^o ls, 

(1) Clutch controls (fig 6-15). 



CHIPCWIVtYOI 
CUfTCN CONTROL 



KliVOY cogifcyoi 

CLUTCN CONTROL 




MECNilNIC/U FEEDER 
CtUTCN CONTROL 



SflNP CONVEYOR 
VTCN CONTROL 



Z2 Z 




Fig 6-15. Clutch controls. 
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(2) Apron feeder clutch control (fig 6-16). This control rcgulntcH the ntnount of feed Koiilg 
to the jaw crushcr. ^ThToperator can keep the crushing chamber ftlk-d to capaeltj- w.tl. 
out overloading by engaging and disengaging the 'dutch, thus starting and MoppHvg the 



v 



srloading by 
apron feeder. 





Fig 6-16, Apron feeder clutch control. 

<1> ChiD chute control (fig 6-17). A handle on the outside of the chip chute operates a vane 
^ SuilS^^e the plant 1b set to produce stone chips, the vane is-operted to allow 

U?e chips to pass from the screen to the chip conveyor. When chips are no longer needed. 

the vane is closed and the conveyor dutch is disengaged. 




VANE 
CONTROL H^^'DLE 



Fig .6-17, Chip chute control. 
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^ Hopper vane controls (fig 6-18). The hopper Hectlon is equipped with pi pair of adjustable 
vanes that run longitudinaliy-witli the screen, directly below the sand deck. They are 
conironed by handles on the outside of the hopper. The vanes can belset to mix 100% of 
the aand witli the crualied maferlal.by placing them in position A or can remove 100% of 
the sand by placing lliem in position C. Position B shows the vanes making a 50-x^O 
split of the sand. 



cnmi iiiiut 






NimO I MlUlf N c 

I Fig 6-18, Hopper vanb controls. 

) ' Me^chanical feeder gat^ control (fig'6"19)»^^^Tl\e cbfitrol gate canjie set to deliver a 
nnj^orm flow of material adjusting it up or down with the adjusting rod. 




Fig 6-1^, Mechanical feeder gat^ ccAitrol. 
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Selection of is cr ccn cloth , _Aft£r the prtxiuci biav nncl (mhihIhm- .sailings jinvi^ bmi cK-KMMnuuMl. 
the proper-size screen cloth can bo selected . The lop deck of the screen should have opriiings 
approximately the sa"^^ s^^^ ^3 the 1036 jaw getti ng, Tlieae openings'' should not vnry more 

[than 1/8'!^ The screen cloth on the discharge end of :hc second deck should be approxinmtely the 
same size as^the 3Q2Q rQll setting. These openings also should not vary more thou 1/8". The 

-f?eleclion of the other screen sizes will be determined by the* desired split of the product fA7.c. ^ 



8- Feeding operation , A conflnuoug, unsupervised feeding system not pructicaljlo. The 
presence of large rocks mixed with smaller pieces means that a Ce|*lolii amoi^it of skill must be 
exercised ii\ regulating the feeding operation so that the crushers a^d screen can be constantly f(?d 
at their proper capacity. The operator can c^ontrol the amount of material going to the crushei's 
by slopping and starting the conveyors. He does this by engaging and disengaging t ho ''clutches 
thai operate the conveyors. It is his responsibilit}' Uy put into practice^the followint^ [)rocedures: 

(1) The operftlyr should have sole charge of the feeding operrftiort and should direct the 
dumping ofHnaterial into the feeder hopper. Ue should make sure that a cusliion of 
material always remains in the feecjer hopper for^ts protection from iinpcsicl by large 



rocks being dumped from a higii point. 



(2) The size of material being fed to the qrushers ha^ a definite effect upon production. For 
highest production, the operator sliould make, sure that thi? largest stones being fed to^ 
the crushers are not o ver 3/4 of th e crusher's ratod capacity. While a crusher coul 
handle material as large as its rating, it would not be nearly as efficient ns when hand-- 
ling the smaller si7.e material/ 

(3) The actual crushing of piaterlal takes place only between the roll shells or jaws. The 
operator, therefore, siioald see to it that the crushei'B arc never permitted to run empty. 
jVIso, he should avoid overloading the crushers as this^ has no beneficial effect on the • 
qiTantity of output. 

(4) When the operator observes a large rook progressing on the feeder toward the crusher, 
he should stop tlie feeder until the crusher is nearly empty. H^* should then restart the 
feeder, dropping the rock into the crusher opening. When this is d^Vie the elonga^ted 
rock falls end first. * On the other hand, if Jhe operator feeds a* large rock on top of 
materials already in the crusher., the* rock will move downward in a horizontal position 
and bridge itself across the crusher opening, 'jyfeis stopping all operations. 



h, Freventiv(^^aintenance, Preventive maintenance means making routine checks and 
repairs of poselbfe trouble spots. Finding and eliminating trouble before it starts saves time, 
work, and money. A new piece of machir|ecy can be kept like new by keeping it clean, well 
adjusted, and lubricated. 

. i. Prevent ive mai ntenance whil e operating , Ih addition to the e'^ecklist, there^^e some 
commonsense operating practices to follow that will help avoid machinery failure. They are as 
follows: 

(1) Don't operate the plant Without correcting any known defect that may cause further d^fi^ljmge 
to the unit. 



(2) Don't Eittempt to start the plant when the crushers are loaded with rocks. 

(3) DoiVt allow crusher tawsito strike each other. 

(4) Don't allow toggle plate'*tT) G|Mter. " 



(5) Don't operate plant if. crusher jaws are loose. 

(6) Don't operate planl'if bearings overhfat. ^ 

(7) ^ Lubricate more freq uefvtly under extremely sandy or dusty conditions. 

(8) When feeding^JJhf^ plant wet materials, stop the operation frequently »nd remove clay 
from the pyffsher jaws. 
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(9) Stop ih^ fe^^ding operation niid ^Ulow the crushing chambejrs to cinpty -before stopping the 




i* ?T<?y^0^lYV ginlntenance chccitfl (table 6-1), Est^iblish u preventive maintenance schedule 
mid chock sheet ulonK thejines listed below, Make the schedule fit the job c'onditioiis and then 
Slick to it cloaoly. ^ . , 

Table 6-1. Preventive Maintenance Checks 



Doily intervals 



c 
o 



0 iS> 



.1 

^ (0 

o 



X 



X 



X 



X 

fx 



X 



Procedure 




Check jaws and rolls for wear. 

Check conveyors for wear and pi'oper tension. 

Check screen for wc^ar and loose'ttedown bolts. 

Check hopper side plates for we^r. 

Check all gear cases for proper lubricant level. 

Ch^!ck all bearings for proper heat and lubrication. 

Check allures for proper inflation. 

Check and tighten all bolts on entire plant. ^ 

Check coolant leveKin radiator; add as necessary. 

Check fuel level; as necessary. 

Che^ck batteries for proper fl\j^ld level. 

Check lube fittings; see lubrication chapter. 

Remove exq^ss dirt and grease from crusher ancl trailer, 

Keep.ali hopper and ccJnVeyor flashings properly adjusted. 

Check plant blocking for atVy signs of shifting, 

^^eCk /or correct tension on pitman. «• 

. Check condition of all V-belts, 

Keep all toole in their proper place. Make sur^Vn adequate reserve 
supply of oil and lubricants is on hand. Check all llds^and caps for 
a tight fit, * - . ' . 
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ENGINEER EQUIPMENT OPERATOR " % 



Lessop 6 - 

* Miscellanfeous Equipmient . * ^ 

STUDY ASSIGNMENT: MCI13. 31h, Engineer; Equipment Operator , chap 6. - 

LESSON OBJECTIVES: Upon successful completion of this lespon. you will be able tp identify, 
' by general Aomenclature, tandem rollers, sfjtr -compressors, and the 

rock crusher.* You will be able to identify the procedures and methods 
^ .of operating the major components ^nd^ their accessories. 

'WRITTEN ASSIGNMENT: ' ^ . ^ 

A. Multiple Choice: ^Select the ONE answer wJitch BEST completes-the statement ot-answers « 
the question. After the corresponding number od the answer sh^et, blacken the appnppriate 
. box. ' ' ' .A 



Value: 1 point each > . 

V 1. Tlie Huber-JVarqo 5- to 8-ton tandem roller is equipped with dual ' 

a»* ^service brake pedals, water sprinkling pedals, and clutch levers/ 

b. service brake pedals, steering control levers, and clutch levers. ' * 

c. steering control levers, emergency brake levers, and clutch levers. 

d. ^ steering control levers* gearshift levers, and service brake pedals, 

2. \ When rolling bituminous surfaces,' what is the method used for changing rolling direction? 

a. Put the clutch in neutral* drift to a sipp, and change direction. 

. b. Shift downfto the lowest gear, stop, and change direction/ . 

c. Put the lever in the opposite direction, stopping gradually, and change direction* 
d* Slow down, then engage clutch tb the opposite direction, ' ' 

' 3. When compacting a road surface* you should start roUing at the . ^ 

a. ditch line, and work in tpward the center. ' - 

S ^ ^b. center and work out toward the ditch line, 

c* shoulder and work c|}agonally across the road. * ' ' ^- 

d. center and ^ork diagonally across the road. • 

4. Which type roller is best used for finish rolling of both cold-'' and hoto^ald bituminous ' * 
pavement? • * y\ 

rl ^ ^ \ 

a. Sheepsfoot c. Two-axlA tknbem ^ 

b. Three- wheel di^ Wobble fcrheel\ 

• ■ » . ! . ' ' 

If? When operating on black top or hot-laid bituminous paveryient, \^^atlfl use<< to keep the 
material from atlclcing to the surface ofthc '^oilers?' 

a. ^Scrapers • c. Walkina bcjams >^ »^ 

b* '^Si^rinklei- system d. Fixed gutde rolls 



6. Wh«t material is least desirt\ble tOrUfie for b^illaating a roller? 

a. Water - ■ \. ^c. Sand 

b. Fuproil ' Drain oil 

7. What is the function of the bltumeter locfj^d on the asj^halt truck chassis? 

a. Indicates how much material is left ' ' 

b. Indicates the exact amoXint being sprayed 

c. Indicates the speed and dista;ice the unit has traveled 

d. Indicates wh«;n the material is too thick to spread 

8. " What Is the basic function of the asphalt distributor? , 1 

^ • ' 

"a. Transport bituminous matpri^s. r 
b/ Apply accurate, uniform, amount of bituminous material, 
■ c^ -Supply sniaLU units with heated materials. 
* d. Mix t^^ie bitwiinous material. 



9; To provide a triple lap, the distributor spray nozzles should be approximately inches 

above th,e road surface. 

a. 6 . ' c, 18 ^ i ♦ * 

b. 12 24 } 

10, WheTi tW t^nk is being filled* with material -which is going to l?e heated in the distributor, how 
mugh should you allow for expansion? ' . " 

a. 2% ' • ' c\ 10% * 

b. . 5% ' - . ' d, 15% 

* ■ ■ 

11, The distributor burner^ should not be started until the flues are cohered with a minimum of 

' Inches of material, ' 

a. 4 is 'c. 8 _ , 

b. 6 ^ W d. 12 

12, What shoulci be the approximate angle of the pozzl^ slot to the distributor sprayb&r? 
a: .12^ ' c. 18° / ' 

y * ^ ^ ^ t 

13, On the rot^y air compressor, what device aids in air-oil separation and recirculation of" 
thje oil from the oil separator to the compressor? - * 

a, Stator c. Bypass valve p 

b. Minimum^ pressure valve ' ^ d. Rotor - ^ 

14, On the . rotary air compressor, what device abt^r as a safety njechanlsm to shut off the <^gina 
in case the compressor oil overheats ? 

a. Thermal bypass valve c.^ Therrhoswitch 

b. Safety valve d.' Autonia^j^ cutoff switch 
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IS. You havi^ Juat moved to a n<>w Job locution. It la 4, 000 foet higher than your pre\riou3 loc^i- 
tlon,^ What affect will this move !mve pn the capacity of your alngle-sjage, reciprocating 
air compressor?* - ' 

a. Increase Its capacity by 8% compare^ to sea level 

b. Decrease Its capacity by 6% conipared to pre^ous location 

c. Increase Its capacity by 6%'conipared to previous location 

d. Decrease Its capacity by 8% compared to previous location 

' 16, What Is the purpose of the safety control switch on the 250-cfm air compressor? 

A. To cause the engine to stop when oil pressure Is too low 

b. To override th^ engine low oil pY-ossure switch 

c. To cut off the engine in case the coolant overheats 

d. 1'o cut off, the ei^glne in case the oil overheats .. 

•17, What is the correct idle speed for the 250-cfm air compressor ? 

a. 600 rpm ' c. 000 rpm 

b. 700 rpm d. 1, 000 rptp 

18. What should the operator always do after shutting down the compresso;^? 

a. Open the safety valve c. Engage the engine clutch 

b. Drain the receiver tank / d. Open the sid^ panels 

19. The compressor should be kept as level as possible during operation and 'should never be 
operated when It Is tilted more thW degrees. 

/ ■ , ■ 

a: 2 c. 10 

b. 5 . " d. 15 

20. On the 75-TPH rock crusher, what protects the crusher jaws from being damaged when an 
uncriishable Item passes fhrougli? 

c 

a. The toggl^breaks, allowing the tension rod to pull apart. 
b* The tension rod bret^iks, allowing the toggle to pull apart. 

c. The grizzly diverts the item to the secohdary unit for ejection, t 

d. The meclianlcal feeder drops the Item Into the rotary elevator for rejection,'"* 

2 J. On the 73-TPH rock crusher, which control regulates the amount of feed going to the jaw 
crusher? 

a. Apron feeder clutdi control c. Delivery cot](veyor clutch control 

b. Plant conveyor clutch control d. Mechanlca) feeder clutch control 



22. the 75-TPIl rock crvisher, the hopper section is located the final screen deck. 

above ' c. In front of 

b, below d. in back of. 

23. On the 75-TPH rock crusher, . checking the hop*|r side plate for wear is which preventive 
maintenance check? . . ' 

a. Dally before ^operation check c. Daily after-operation check 

b. Daily during-operatlon check -'d. Weekly check /> ' 

24. Checking all gear cases for proper lubricant leVel Is which preventive maintenance check? ^ 

a. Dally before -ope ration c. Dally after-operation Check 

b. Daily during -bperatloh check d. Wefekiy check 



Total Points: 24 
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Chapter 7 " I 
ASSCX:iATED SUBJECTS 

7-1, DECONTAMINATION 

a» Detection, The nature and extent of contamination nnust be known bo that the proper 
decontamination procedure may be used, Th^re are device^ which can rapidly detect chemical ^ 
and radiological contamination, but there is no rapid detection device for biological agents. When 
the operator realit;^ that his vehicle is contaminated, he should put on his protective mask and , 
continue the mldsion until the tactical situation permits a short iMop for^ decontamination. When 
the situation permits, expedients such as gasoline and diesel fuel, scrubbing with mud, dry sand, 
or earth, followed by exposure to wind and sun, -will eventually. decontaminate a vehicle. Complete 
cfecontaminatlon can be attained by using STB solutions, hot soapy water, and clear water, 

b. Priority for decontamination. First priority is given to immediate personnel decon^mi- 
nation and second priority is given to weapons and vehicles. which are to be used Immediately. ^ 
Lower pri6rity is given to equipment and surfaces for which there is no Immediate need. 

c. S it(p selection. In the selection of a site for second and third echelon decontamination 
operations which r«^quire the use/of a large quantity^of water, accessibility to a source of water 
Is an important consideration. ^Care must be taken to avoi<t selection of areas which friendly 
troops will soon use.vthe lopfetion should be downstream and downwind from troops in bivouac 
and shbuld offer adeqiiate^^^i^mouflage possibilities. 



d. Protection of personnel . The individual Marine performing NBC (nqclear, biological, 
an^ chemical) decor>f aminatlbn should wear hi^ mask and his normal clothing buttoned at the 
neck and tied at the wristd and ankles with string. The head should be covered and gloves worn. 
If standard protective clothing is available, it should be worn. 



7-2. CHEMICAL AND BIOLOGICALJ^ECONTAMINATION 

^ ^ .| - 

a. General , Most decontaminants and procedures used in chemical decontamination are 
also effective for biological decontamination. Tfte decontaminants which will be discussed are 
effective for both cherolcal and biologic al^d^ontamlnation. 

b, Ty pes of c^econtaQUnants , 
(1 ) Natural ^econtaminanta. 



(a) Weathering^ Weathering is the slpiplest method of decontamination, knd is used when- 
ever possible* However, lack of "time, unfavorable weather conditions, or proximity of 
contaminatlon.to unprotected personnel may require use of a £aster^methodr* Weathering 
is best accomplished on windy, hot, humid, and "sunny days. ^ **** 

. ,^ ■ , - : • ^ - 

(b) Water . Amov^plain water may be used to flush ?hemibal agents from silrfaces/ hot 
water, hoBsoapy water, or water and standard decontapminating agents are mor§ effective. 

(2)*Standard decontaminants. * . , 

' ' • ^ 

(a) Decontaminating agent, STB . Thii? agent is commonly referred to as "swpertropical ^ 
bleach. *' It is a d^contaminant not only for chei^nical agents but also for biolofj^^al agents. 

U Characteristics and use.' STB is a white powder. It is a chlorinated lime consisting 
of calciuiP)|t o3(:ide and bleaching powder. It' ia corrosive to most ws^etals and injurious 
to most fabrics. Approximately 50 pounds of STB are packaged in an 8-gallori drum. 

2^. Chemical *feiclion, STB destroys mustard, lewisite, and G-agents (nerve agents) 

by converting them into harmless or less toxic compounds. The vapor given off v 
* in^reactfbn with TjrA (one of*the G-agents), however, Is toxic. Bleach reacts violently 
withiiquid mustari;]^, and the reaction usually produces enough heal to cause flanles. 
Mixing bleach witb water or earth reduces the heat and increases the area coveV&ge 
of the decontamlnj^tlng agertt. ♦ > 5 ^ ^ 
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nieach mixture, STi3 may b^mlxe^l with water to'form si wet mix called "alurry, 
or It may be mixed with dry ^arth, Jiand, or aeh^li to forjk^^d^:y mix. /* 



a. Slur^-y (wet mix)> There are two types of sfurry— one for manual application and 
~ the other for application by means of a decontaminatlpg apparatua. For-Tj>anual 
application with-flM^abs. bruehes, or brooms, the m6st e/fective aluriry conaiata 
of approximately >aqual parte (by vTeight) of STB and water, and la prepared by 
mixing Blx ghovelsful of bleach with one 14-qiiart pail of water. For uae in a 
power -driven decontaminating apparatus, slurry la compoaed of 40 parte (by^yeight) 
^. of bleach and 60 parts of water. . 

^- Pry niix. The proportion by v(5iu^i^ la two parts (shovelsfUl) of bleach to three x> 
*~ parts (shovel^ful) of ear^h or other material. ^ 

c. * Use in cold weather. Bleach mixtures do not decontaminate /nuata^d gM 

at temperatures below 4*0^ F. ^ W 

4. ^ Procedure follQ^ying decontamination. STB may be leTft on moat awpcea (except 
metal) after u^/- S^ should be rinsed immediately and thorougH5r'r<>"\»"***^ 
surfaces, whicff^ould then be oiled or greased tx> prevent corroaion. 

(b) Decontaminating ftgent> DS2. . . 

1. General characteristica . DS2 Is a gfencral-purpose decontaminant which ia effeptive , 

^r^gal^net all^toxlc agents. • * ^ 

2. Preparationjand use. . DS2 is available in 1 lf/3-quart cans and 5-g^Uon druma In 
l-eady-to-usfe sQlutlons. The 1 1/3-quart cans are for filling the Mlt portable 

decontamit/ating apparatus. DS2 6an be applied easily with th^Mll apparatua, a 
broom, oAa swab, f he solutidn is effective at temp^iraturea of -250 to + 126® F. 
Make one application to the contaminated surface and flush with- water after SP minutea. 
DS2 is nonc<?Vro8|ve ,to moat metals, but will soften leather. 

3 Safety . DS2 is flammable and must NOT be used on a running engine. DS2 can be 

^ removed frGmjtl\e skin by flushing. with water, . ^ » 

Nofo:^ Cnre should be taken not to confuse the Mil apparatus with ai^fire extinguiaheic. 

/ ' • * 

(3) Miscellaneous decontaminanta. • ^ 

_« . ■ ■ \ 

(a) Caustic so^a Qye). Effective against lewisite and G-agents. A 5% aolution mfy be 
prepared by dissolvirtg 5 pounds of lye in 12 gallons of water. Water ia uaed to (i^mh 
r the surface after it is decontaminaled.' Extreme care should be uaed when l^andling lye/ 

as it is hijfhly damaging to skin, eyes, and clothing. - ^ 

• ^ *^ . 

.(b) Sodium hypochlorite household bleach ). ^Fffec'five against bliater agents an<| V-ageptf . 

Normally a full^-strength solution is us^id. If possUble, avoid contact with clothing and 

skin. ^ 

(c) n I|li^fc>'l|i ffU'KAtl f^Q^^^^ Effective against G-agenta but acta rather alowly qn 

I II n I I jBripi ijli I I I III mil A 5% solution of washing Boda and hot water if uaually 

used. if^S^^n^eroqs tor the eyes and skin ahd should be flushed off immediately with 

lar'ge quan>Jttf sli^t^^l'. ^ ^ 

QfRattlc 8olV#?^t6^ ^ Cortynon organic liauids such as gasoline, diesel ftiel. keroaent* 
aliiiroi^ and ttfVachlofide may be used as solvents for many chemical agfntp. They 
act as c/eaning atent^nmd do not destroy the chtfftiical agents.^ Stfety precaiiUons mupt 
be followed and the^sWabs and solvent used to wash off the chemical agenta piMft 

destroyed or buried. , * 

(e) Degr easing solvent (gunk). This noncoi^roaive solvent should be applied in the normal 

-manner and flushed with W^ter or steam after 15 minutes. 



(d). 



7-3, NUOLKAI^'DEOONTAMIN'ATION 



n. G eiicrol . HaUlbactiva faUput is the main source of radioactive contaniinaVion on tlio battle- 
field. Whew Q nuclear exploeion occur^ oi\ or near the aarfaco^ the fission pi^oducts lesulilnj^ »> 
from the burst adhere to dirt particle^ tvirried int9 the avi\ Later tfjeae dirt particle,? carrying 
the fifjslon producia fall back to earth as a' fine radioactive d»^t (fallout) and settle o;i the ground 
and unprotectc5d peraonncl and equipment. Trained personnel use radiacmeters to dotermino thi* 
extent of radioactive contamination. Decontamlnants which fave good cleansing characteristics 

^aro normally used for radiological^ejcontamlnation because the contamination is primarily from 
radioactive dust which adhero.s closely to oth^r surfaces and tends to settle into pores arjd crevices. 
In most military operations, nuclea/ contaminants are x^alisfactorily removed by flushing with ^ater, 
by tlie use of steam, and by brushing. Ditring decontamination operations, personnel nm«t woai-^ 

-dosimeters, \yliich record the amount of radiation tliey have rocolvcd. By checking their dosim- 
eters, tliey can guard agixlnst staying too long in a if^adioactivo area. 



b.' n^tfontamination meUiods, 

. . , V 

(I) General. Two general metliods <>f nuclear decontamination are reihoval and aging. Most 
. decontamination is accomplished by removal, although, if time' permits, aging is the most 
efficient. When speed in the decontamination oT equipment is necessary, brushing should 
be done first. If brushing proves ineffective, then washing sliould l)e performed. Moni- 
toring will indicato ihp need for further decontamination. »t 



(2), Removal. 



Principle s. In all removal operations, three general principles are. involved: 



1. 



Radioactive contamination CANNOT be neutralized or des\royed, buf only removed 
to an area where it will be less ha?:ardou3. After ronioval operations, tlie radioactive 
contaminatiqn mu$t be dispQsed of. 



2. Different types 5f surfaces require different decontamination proo^dures. Nonporous 
surfaces, suoh as, steel and hard, painted surfaces, should be decontaminated with,^. 
procedures using^large ainounts of water. Porous surfaces, such as wood and canvas, * 
should be decontaminated whenever possible with procedures which do not require ' ^ 
large quantities of water, because water tends to drive the fallout farther into the 
pores, making removal more difficult. * 

VJecbntaminhtion should $^roceed from easier to more difficult metliods. 
^» ^ - 

p. 

ft)) Wet methods. ' ■ S 



I - . Water 



Watel* i6 the primary dccdlflRminating agent for nuclear contamination, Soaps 
and hql water increase the cleansing action. High-pressure equipment should be . 
used. In flushing operations, the operator should be upwind ahd 15 to 20 feet from 
the surface being sprayed. The equipment should be sprayed from the top down and 
tile angle of spray between the pressure stream and the surface being decontaminated 
should be 30^ to 40°. 



2. Steam. 



Steam ip faster acting than hot wat^r in dissolving materials, liquefying 
and cleaning. The steam jenny, which is standard Marine Corps equipment. 

Hot water 



grease 

furnislies a satisfactory high*-pressure jet fpr radiologic&l decontamination, 
and soap\^ould be used to aid in washing the .contaminant off the surface. 



3. Scrubbing. Scrubbing should be done only on "hot spots'* which remain following 
flushing, hosing, or steaming. Detergents saV^ time by reducing the amount of 
scrubbing necessary. * * 

!• Organic solvents , For small-scale operations, kerosene, gqtsojine. diesel fuel, 
alcghol, turpentine, and paint thinner at^e useful in removing heavy, hard-grease 
coatings. They are fast acting and are suitable for wiping "hot spots" left after 
large-scale decontamination. 
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1. ^Abraflion . Whw contjtminants are clinging so cloj9<?ly to n surface that otbor methods 
' are^'ln^iffectlv^, removing the surfi^co itet^lf by jtb^n^lon is nn effective tyiethod 
ro(JiO'loglcJvl^eeQntnmlnotion. 

' a. Vacuum-bJaating i$ th« moffl <*ffeclive. method of abrasive dooontamjnBtion, 

Tliough rapid and ali'nple^ it is the mU^i rtielhod becaurffe It l^lcks yP practically 

all loosened pR^tlt^lf^Q. - 

*^ ^ > ' 1 <f 

b. Hand methods of abr^iaion such as planing, sanding, chipping, filing, and grinding 

^ are juiitable for small areaQ or "hQlGpot«". 

BruBh inj^. Bruabing will iisualty remove contamination to a safe-leveL However, 
more effective means are required for pomplote removal of contamination. 

(3) Aj^lng. If time Is not an important fattOK, aging will reduce the cootann.inatlon to a ivsg- 
llglble amount. The time requlY-^d depend^ upon the decay rate aiyi the a"mount of radio- 
active material. The »q^ipm^^nt; should be marked and act a^ide and-^the progrea*^ of i\vQ 
aging method deterrrilhed b^if Ti>o^^ , . ^ 



7-4. FORDING . , ' ' 

When fording with anj^^pfqcie oi^^ o^ygJclOn boulders or datigerous holes. 

Enter the water ^sloxvly, ,«ftlAft: low gca^^ iter^fiias© fiJiglneW?^ avoid •©tailing. Equipment 
Should be thoroughly In^W^ied i\na tuWqa.teO^^s^^oon. as ppiQiflbl^ att^r forcing. W!ienever possible, 
equipment ghould be ws^^^d with fre^h walei;;^tcr opt>Wi'ngjn salt water. U th(? vehicle us lo 
operate In ^Vater timtr (3 dtf?p i^W)i^b taM^^^^ the engine fan, the genera-^ 

tor driv^ belts ^boOld b'er^bo^^p^^d . thi'/i]^v0v(fr^o^^^^ whlcb will prevent damage to 

the radiator and fan aad' reduce' tV<:v ^jWwrNt of 'wa iipruy on the engiqe, 

7-5. \^m'Omi'^^'<)mmKK^V^i^y^^^ v ' ' V 



a. Jngpectlgn^ mist be xvi^i^ to inf^iri^ that the unit is proj^erly equipped" 

and ip serviceable- aOfidj:U^^^ Clh^c^k:.nUt.9, 'bolts, alid plugs^, fand lighten if necessary. Whenever 
parts jiuch as ^ask;e>j^;^^^^^^^^^ Vviring are. defective, replacV*^®'^- 

ild^EisM*^ cfdmpletGly lubricate unit according to the lubrication Instruction. H the 
crankcas^and are dUo to be changed shortly, it^i? ^generally advisable to drain and 

refill th(?.9e.compi»rtfiients at this time. Perform a quarterly PM on the item before fording. 
Carcfujly check the iJistirucUons In the iM for the particular vehicle and if a fording kit is ^ 
neco^Wuiw follow the dirt^ctlohs carefully when mounting it on the vehicle. 

-y ' ' : • 0 ^ 

7-6. Al'TEH-FOHDlNG PROClEDimES |^ * . v 

a. Aftej^ Ifordlng ordeepwater operaton has been c&mpleted, wash the vehicle with clca!\ 
fresh water. The solid drain plix^s in the engine clutch and steering clutch compartments must 
l>e replaiC^ed wrlth vented phigs- 

b. Check all lubricating oil compartments to Sllermine if they have been contaminated by 
water If tt^ey have, the (?ld oil n^u.gt be drained and replaced with new oil, 

c " As soon as possible, the vehicle shoujd receive a quar^lerly PM; it should be completely 
lubricatoc^ and inspected for damngc. Th(5 operator shoukMnsppct the oil spuls daily for at least 
- least the next 100 hours of operation. If they liave been daii^^fTmSlij^^^n^ t\^cy will develop 
leaks and should be replaced- ■' 1 ' 
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7-7, VVIHK HOPi'f 



M«ny of the movable port« on e^^nipmenl dosriubcul in lhif» book (ii e operatt^il by rn(>:\ns of 
win- ropes vvobiid on winrh drumtK Asr'an equipnietll 9pcM-atoi wlu) will frequonlly be worKin|4 wiili 
thrar wfro ropo??. you mft<it know lUriv cUc\x i\c\vv]M\<^ti, how (o lako i an- t>rtlu-iu. and hv>w to us^; 
tUeni. „ * / * " 



a, ( onglruc Uon . Wire ro[)ts i« clngsified ncoorthnf^ U> Ihc type of center (core), the number 
of strands, the number of wires per i^flrand, the lay, and the fabrication, 

* ^yj}}^^: ^ ^OP^ consists of a numljcr of strands (usually C) twisted around a 

renter, or core. This may be an independent wire-ropo centfei>Aor^a hejmf oenter. Tlic 
wire-center rope Is les3 flexiblje than a hemp-center rj^pe, l)ui isv stronjjct . h^ip 
renter will provide a meju^is of comlnuous^brication. ' 

(2) Strands, A wire rope is designated by Um^ number of strafids it contains and by the 
number of lndividu£\l wires twisted together to form each strand ( fij^ 7-1 ). A (> n 1 9 
wire rope, for example, contains ^.strand.s-, ami each strand contains 1.9 wjrcs (fip; 7-2) 
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l''ig* 7-1. Parts? of a wire rope^ 
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6 STRANDS. ol 19 
11^ 
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I'ig 7-2. Strand 'tirrapgcmcnt. 
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(n^A wli4^op« Ib further designated 
by. the "layV" or direction in which 
the strandB and wires In each strand 
a piral- around the center pf the 
rope. The terms "right lay^j^and 
"left lay" refer to the direction Iri 
which the strands spiral as* yotf look 
along the rope. In a right -ahpw Ire, 
»they spiral clockwise; in a fSrt-lay 
wire, counterclockwise (fig 7-3), 
The Jterme "regular lay" and "lang 
laj^^refer both to the direction in 
which the l^trands spiral and to the / 
direction in which the individual 
<^ach strand spiral. 




Fig 7-3. Right fay and left lay wire 
ropes. 




In a regular-lay rope (fig 7-4), the 
strands and the Individual wires in 
each strand spiral in opposite direc- 
tions, while in lang-lay rope they 
spiral in the same direiction. The 
complete designation of a wire 
rope with reppect to the lay is 
right (or left) regular (or lang) lay. 
However, since right-lay wire is 
much more comiAn than left-lay 
wire, manufacturers* specifica- 
tions often omit the designation 
"right," If you see a specification 
for regular lay or lang lay» the 
word "right" is to be understood, 
and you shoul^l read it as " right 
regular lay" or "Hght lang lay. 




KtGULAD LAY WIKC norC 




Fig 7-4. 



(4) 



Fabrication 

iT 



Reg\Uax* lay and lang lay wire 
?opes, 

, s ^ 

Wire rope is designated by Its method of fabrication as "preformed" or 
nonpre formed," In preformed wire rope, the strands and wires al^e shaped to con- 
form to the curvature of the finished top^j^ lie together naturally. Prcformeil rope 
does not tend to untwist w^en the rop%ifl cut, and is more flexible. In nonprefqAart€ci 
rope, the unshaped streuids ar«^simply twisted around the core, and will untw^^rf at 
the ends if they are not\ightly seized, 

Composition. Wire rope is made of various metals, but most of the wire rope used on 
^ heavy equipment is made of steel. The most common grades of steel wire rope, in ascending 
order of strength, aref! meld plow steel, plow steel, and Improved plow steel, Pjow steel or 
improved plow stee^^ will usually be specified for your equipment. 

c. Size . A wire rope is alwAys designated 
as to size by Its diameter in incheir, mfa&rured 
as shown In the right-hand view of figure 7-5. 

d. Strength . The strength of wire rope 
varies with the size, type, ^material, .and; 
method of construction.. The strength can 
be stated as the breaking strength or safe 
working load, ^ a rule of thumb, the 
diameter of wire rope<^n inohes can be ^ 
squared and multiplied'by 8 to' obtain the ' 
'Safe working capacity in tons (T=« OD^y. 




... . vaooT2'ia 



Fig 7-6, " Wrong and right ways of 
measuring slz^'of wire rope. 

/ 
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?-0. IlANDl.ING WTHK HOPl 



a. UmN^nding . Wire rope may^^^qfmo either on a wooden reel or in a plain coll tied with rope 
or motal banding, lt\ either oaae, tKg^ope has beenAvound into a coll, and to remove it from the 
coil you mu^t unwind It us ahown in tli^op view of ugure 7-6. If yoxi pull it from tlie stationary 
^coil. as shown In the bottom view, th(fere will be a kink in the rope for evei^y turn in the coil. 



b. Transferring . If you have occasion to transfer wire directly from'^a reel to a wincA drum 
or to another reel, pass the wire from top to top or from bottom to bottom as shown in the upper 



vl«w of figune 







Fig 7-7. Right and wrong ways of trans- 
ferring wire from reel to wi^ch drum. 



I'Mg 7-6. Right and wrong ways of^moving 
wire from manufacturer's coll.. 



c. Need for gloves . Any wire rope --even a n^w one- -may contain an occasional "fishhook" 
or protruding end of a wire. If a fishhook should slide through your bare hand, it will give you 
- a very nasty cut. Always wear gloves when handling wire rope. > 

^^"cilng. Turns of wire should not overlap when woxmd on a drum, but ^hould be wrapped 
in smooth layers^. Overlapping will resitlt in binding, causing snatches on the line when the rope 
unwinds. TheS!ope should bo starlkl against the flange and wound close togethert Tensio^i 
should be kept on the rope during wmding and a wooden stick used to force the turns closer 
together.^ Succeeding layersUre vjmxnd so that the turns lie in the grooves formed by preceding 
layers (fig 

CROSi-QVER TO 
SECOND GROOVE 




(T) JURN lACK AND 
FIRST CROSS-OVER 
FOR SECOND LAYER 




FIVE TURNS ON 
SECOND lAYER 




'(T) STARTING THil 



Fig Winding wire -rope layers on drum. 
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7-;). SHizTNc; wini: hopk 



a. !'urpo3C of seiy.ing . All wire rope, espe- 
cially nonpre formed, must be seized at Uio ynds 
(fig 7~f)) to prevent Iho strands from unlnying. 
The matcrtal used for seir.lngjg i» an annealed 
low -carbon wire callexl selsjing wire. Tlie 
recomn^ondcd length and number of selzin^d and 
the correct dlstancea between seizings are 
Hated in figure 7-10. 

Steps \n u clzlntf . To put a ^rep^lng on 
a wire rope, five stepu are uHcd (fig 7-0): 

Step 1 . Wind 'by Iiand. as ttglitly as pos- 
sible, as many turns of the selviing wire around 
ih^Vope aa are required to make up the recom- 
mended length of s<?^xing.. 

Step 2 . Twiflt the ends counterclock- 
wise so that The twist ts at the center of the ^ ' 
sclxing, 

Step 3. Twist the ends with the cutter . 
Jui3t enough to take out theVslack. Do not try 
lo tigldon the seizing by twlst,ing the ends. 

Step ^ , Tighten the seixUig by prying 
llie I wist away from the axis of the wire rope. 

Step 5. Again take out the slack by 
twisting the ends with the cutter. After 
the seizing is tight, cut off the ends of the ' 
wire and pound the twist down flat on the 
seizing. 




Fi^.7-9. Seizioi/ti wire r^e 



Hope diameter 
(Inches) 



1/2 ^nd less . . . 
9/16 to 7/0 _ . 

1 to 1 1/4 

1 3/0 to 1 5/8 . . 

1 3/4 to 2 

2 1/8 and more. 



Mumber Qf so livings , 



Regular 
lay 



Lang lay 



3 

3 



Length' 'of 
j-selaings 
V (inches) 



*1 1/2 
2 
3 



Fig 7-10 
7-10. CUTTING WIRE ROPE. . 



Recommended sei'^ihgs 

The best way to cut a wire rope I'S wilth -v 
an oxyacetylene torch. The nox^^best way is ' 
with a hammer-type. wlre-ropAjHTfter (fig 
7-1 1). Be sure to qeizf! the/wlre so that 
tnere is a seizing on etthe/'^ s\de of- the place 
to be cut. In the absen(*e of a torch or cuttef, 
wife rop« can be cut with a cold chisel or a 
hficksaw • ' 



Distance 
between 
seizings 
(inches) 



: 1 
2 

2 
2 

■3'^ 




I'Hg 7ril . Hamnielr-type 
. cuttfer. ■ 



Wllhe-rbpe 



rous 
ecf*by 



,7 

7,^11. CARK OK WIRE HOPE 

/ • . ^ ■ ^ • , ■ ••■ . 

/ In iport ance of proper care. Wix*e ropJf running around wincli drum$ and sheaves will 

/wear like any other inotal article, and for,tfiis reason lubrjcalior\ is just as important to an 
/ operating rope us it ts to any other piece of working machinery. The proper functioning of a 

rope depends uppn freedom of movement, with a minimum of fricUon, of the^ndividual wires 

and strAiuis in relation to one another. Friction caused by lack of lubricatioirjNcorrosion, or 

both will seriously Shorten the service life. of a rope; 

i nsp ection to detect det erioration. ' Delerioratign Caused by corrosion is more da^ge 
than that causoclby wear, simply because it is more difficult to detect. Deterioration caus 
wear can be detected by examining the outside wir^s of the rj^pe, because these wires become 
flattened and reduccfU in diamete^r as the rope weavs, Anj^^rope in whicjh the outsicle wires are 
worn to less than 60% of their original diameter s^iould be replaced, ' 

l^nbri cation> Roth internal and external lubrication are required to protect a wire rope 
against wear and corrosion. InteVnal lubrication of the wires and' cO^e Vs taken care of during 
the manufacturing process. Lubri<5ktion applied in the field is desfgned not only to maintain sur- 
face lubrication, bul'also to prevent*the dissipation of the internal lub/lcation provided b^^ the 
. manufacturer. Consult your ecluipment technical manual or operator's manual for the type ot 
Inbricant required. Fi^equency of application debends op service conditions; as sooo as the last 
coating hag ajSpreciably deteriorated, it should be^xenev^ed. 

d. Reversing, After a wire rope has been in sex^vice for some time, it is a good idea to 
reverse it cnd-for^-end/ This distributes the wear and fatigue caused by bending (over sheaves 
and around drums) over different sections of the rope, and thus prolongs its service life. 
Breaking in a* new rope with a J|fght load, or even With no load, for a short per Tod pj^time allows 
the rope to become adjusted, under minimum strain, to operating conditions. * 

(I. Avoiding abuses. Abuses which will shorten rope service life are kinking, lack of lubri- 
cation, iind overloading. Also, As a gene^l rUle, the wrong type of rope will deteriorMe much 
mTjre rapidly than the correct type. 

" . . * 
7-12. WLRE-ROPE ATTACHMENTS ' • 



a. Wedge sockets. There are many 
different types of attachments which can 
be fitted to the end of a wire rope to provide 
a means for connecting the end to a p£id 
eye. The one most frequently used to dead 
end wire rope on earthmoving equipment 
is tlie wedge socket (fig 7-12), To install 
a wedge socket, remove the pin alid knock 
out the wedge. Pass the ropKj up through 
the socket and lead enough of U back 
througli the socket to pillow 2 inches of 
the dead end tp extend below the socket, 
NexV', ^^eplace the wedge f\nd pull the live**, ^■ 
end of the rope to force the wedge into 
the socket. Take a strain on the live end 
to Securely scat the wedge. Make sure * 
that the socket is installed on the equip- 
ment so that the live end of the wire rope 
will^orm a nearly direct line to the 
clevis pin (fig 7-1 3>. To remove the 
rop^, simply drive the wedge from the- 
socket. - - 




Fig 7-12. Wedge* cable socket. 
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RISHT 




WRONG 



P\g 7-13, Wedge socket and fitting. 



Wh'o-ropc clips . A common molhod of 
makinj^ up tow cables, tilings, or cyos in llie 
end?? of w ire rope is by the ust- of wirc-rope 

'clips, Figure 7-14 illustrates the correct 
method of installing the clips, Tbe number 
of clips' to be installed is equal to 3 times 
the diameter of the ropo, plus I (No, clips « 
3d + I), Wh(?n the calculation I'c suits in a 
fraction, use tbi*-ii(^xl larger whole number. 
The clips should bp spaced aboVit six rope 
diameters ai)art foi' b(^st service. After all 
clips ^re initially installed, tighten tho clip 
faT'thest from thi' thimble with a Wrencf?. 
IH^fe'the rope under tension and tighten' 
the rc^mainini^u'lips in order, working towards 

^ the thimble. 




Fig 7-1.4, Wirc-rope clips. 



7-13, HKKVING ' * ^ ' . - 

The technit:al manual or operator's manual for your particular piece of equipment A^ill give 
you detailed instructions on reeving as well as cable specifications. Check the specifications lo 
mak^^ sure you are using tlie correct type, size, and length of wire rope. Follow the reeving ^ 
tiiagi'ams closely and double check your pi-ogress to avoid time-consuming mistakes, ^Select the 
necessary tools fnd lubricants and have them at the job site before starting to reeve the equip- 
ment. Select a level spot with plenty of working room. If you are changing attachments, clean, 
lubricate, ta^ and coil all reusable cables ^Or future use'\ TaHe your lime work saffly. 




7-10 



UNITED STATC6 MARINE COlRPS 

MA«1Ntt CORPS JN8TITUTK. MARrNC ^ARRACKS 
BCX 1773 
WASmNC»TON O C 200tJ 

. ... rZI^GWEra J^QUIPMKNT OPKRATOn 
^ ■ ^ ^ LcgsOM 7 • 

Associated Subjects ' * " 

STUDY ASSIGNMENT; MCM3. 3\h, yt:i\giheev Kqiiiprncn t Operator, chap 7. 

^ * ■ 

I.i:SS()N OR7ECTIVK: Upon successful completion ot t!il8 lesson you will be ^ible to identify 

methods of decontaminating equipment after an attack; procedures 

for preparlrxjg^. fording, and servicing of equipment alter Xording operations; 

!ind procedures for ibo proper care and use of \vli*e rope. 



wnriTEN assionwh:nt: 



A. IVIuUiple Choice: Select the ONE answer which BKST completes the s1:^itement or answers the 
question. After the corresponding numbei* on the answer sheet, blacken the^^ippropriate box. 
< - 

Value: 1 point each * * 

*■ ^ » 

1. ^hat has the highest dccontarnination priority? 

^ a. Weapons ^ ' ^t. Personnel , 

^ b. Kquipment* d. Terrain 

2. What Is an important consid citation in "the seletticjn of a site for secppd and third echelon 
decontamination? 1 * ' ^ 

a. Availability of protective^ clothing ^ 

b. Accessibility to a source of water - ■ y ■ 

c. The area should be upwind fix)cp troops ^n bivpnac. / ^ 

d. The area should be upstreain from troops in bivouac. 

3. ^ Which natural decontarnlnant is used whenever possible? • ^, . , 

a. Fire ' c. Earth " ' , 

' b. Water d. Weathering 

4. Which Stan da I'd decontaminant*is corrosive to most metal? "* " < i 

a. STB ^ c. I^G2' 

b. DAWP " d. Washffig soda 



5. The njost eff,ecti,/e flurry mix for manbal application i^i prepared by mixing 
slio\a»l*(iils of STB to a .14-quart pail of water. ^ 

a. 3 ' , e. 6,.. 

b. 4 ' ^ , ^- <^ 

•e. . Which, decontaminant gives»off a toxic vapor when used against GA? ^ , 

ST\i • c. DS2 " 

- ^ b. DANC " Gunk ^ ' ^ i 

7.^ I3ccauge*9f being flammable* Which decontaminant must NOT be used on a running engine? 
ITU Cnuistic doda ci. STB 

b. DANC ' • d. DS2 ^ . ' " 

* - ■ 

l&n 7; p. 1 ' ■ ■ ' * . 



-T!'Vie''t\vo general methods of nuclear decontamination are 

Burning aniT'^yeatherlng. reipoval and aging. . 

b. weathering tind removal. d; removal and burning. 

/ . - 

the primary decontaminant for nuclear decontamination, , 

a. l Gun . / c. Slurry ■ ' 5* ' 

b. ■VS2 * * ^ cT. Water * 

Whichxieoontaminant is applied by an apparatus resembUng,.a fire extinguisher? 
\ f 

n. DS2 ^ , c.\S^'W « 

b. DANC ' ' * . d-. Steam ^ ' . . 

Whiclu^^ger/ CANNOT be destroyed, only removpt^ ^ ^ ' ' ^ 

G-agents ^ ..." c. Biological agents 

i). Radioactive fallout v ' , d. Mustard gas * . ^ - 

If a vdilcle will be operiiting in \va^g^tl)jJpHs dOep enoujih to interfere \vith the; movement • 
of the engine 'fan, you should J^^^B^ ^ ' » * 

a. , remove the ge^jj^^tor drive?- beldts, c. run th^ engine at low idle, ^ ' 

b. loosen *tl\e gejffvlf^v drive belts. d, rtin lyhe^engine at full throttle. 

If lubrlcating-dircdmpartjiients Jiave* beeJr contaminated by water, : wh'at should the operator 
do? ^ ' ' A * 

a. Wait at least 100 hours before glianging oil. ^ ^ ' 

b. * Drain the ojd oil anxjl replacfe it^'lth new oil. , .. ' s 

c. Drain tho'old oil after operating f or "l^ houy^. " * ' 

d. Install vented^ plugs in theJcompafrtmenfs/ ^ ' * ' m 

f " . ^ ^ ■ . \ 

\Vha| should be done to a vehi^cle as Ao{^'as poyyi)>le aftei- fordin^j^ 

a, - Waalv witii salt water *\ • • \ ^g, "Ldosen the fan belts. ^ 

b. Thorou^^hly inspect a!>d lubricate ' d. » Adjust 'tr^ick chaina^as. tight as possible * 



\Vhei7 fording with any piece of aquipm<?Tit, you. should. entsr the water in 

a. high gear. " - ' ^ " 

J),' low gear and reduce engine sp6ed to avoid stalling, 

c. . .Uigh'gdar and increase enginer speed to avoid stalling. 

d, low gear ^nd increase engine spe^rf to avoid stalling. ' ^, 
. ^ . ' ■ - • ' ' 

]^cfbre forcUng^wi^er with a piece of equipment, the equipment sifculd ba 

a. insppctcd and cleiined wjth salt water. 

b, ^ inapectbd and fubricated, 
.c. decontaminated dnS" inSF>^cted. 
d. cleaned and inspected. * / 

Whicji ty{je,ot*wire rope tejids to i/)t\vl3t ftt th« ^hds unless it is seized? 

a-. .Independent wire-rope ceiiter c. jjjlonpreformed' 

b. v4ft l&ng lay d. 'Preformed r • 



' >• I ■ ■ 

I B. ^fien winding cable on to ix drum, you should * - 

- h. not woar gloves. ' 

I), overlap tlic turm^ of wire. 

c. keep tension on the rope* ^ " * • 

^ c\. use your hands to tbrc^ the turns Oloaer together. 

19. ^ Any AVlre rope In which the outsiao AviroB are worn to leas than % of their r)riginal 

diameter .shoL\ld bo replaced, • v ' • 

' b\ 70 d. fiO * X • ^ 

;^ ' ^ ^ ^ "-.^ . • — 

20. no\y many wire-ropo clips i^hould IJe installed on one end of a 3/4-lnoh wire rope to 
make a tow cable,? „' * *• 

. n L . ■ ■ : \ . • 

, . . n. 2 ■ . ^. c. 4 

, b. 3 . ■ ■ . " " cj. .5 

2!, Tlic U-rholt portion qf a serie.s of wire-rope clips should be Installed ^ 



' a^ on altej^a^e 8idc8 of the wire rope, 
b"; over the ahoft end of the" i^Jre^^bpOi- 
c, over tlic Umf^ end of the wire rope, . - ' ^ . 

♦ . . . 

22. Wire-rope clips i^hould l^e installed rope diameters iipart. 

a. 4 ■ c, 8 ■ ■ ' ' 

* ■ ■• • ♦ / ■ • : . • : ■ 

23. Us^ng the rul(5 of thumb I'ti^^btuining the safe working capacity of vdve r^ope, determine 
the capacity in tons of l/2 in. diameter wire rop^? r / • ' 

; ' ^ r ' ^- ■ ■ ■ 

a. I . ; ^ c. 3 . . ■ . . 

24. iV'hlch iK the best method of cutUng wire rope? . . , ^ 

a. - Cold chisel , p. OKyacetjlfene torch 

b. "tt'ire-r6pe cutter • " d. Hacksaw - * 



« 
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